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STELLING EN 
behorende bij het proefschrift 
"Benign lesions of the vocal folds - clinical and histopathological aspects" 
De term "stemband" is anatomisch gezien onjuist, en zou consequent vervangen 
moeten worden door "stemplooi". 
2 Er zijn geen op zichzelf staande histopathologische bevindingen die discrimine­
rend zijn voor bepaalde goedaardige stemplooiafwijkingen. Bepaalde combinaties 
van histopathologische bevindingen maken sommige diagnoses echter vee! waar­
schijnlijker dan andere (dit proefschrift). 
3 lndirecte therapeutische microlaryngoscopie onder stroboscopische controle heeft 
op langere terrnijn op zijn minst even goede stemresultaten als conventionele 
suspensie microlaryngoscopische chirurgie (dit proefschrift). 
4 Het pre- en post-operatief maken van een fonetogram bij ingrepen aan de la­
rynx zou even vanzelfsprekend moeten zijn als het maken van een pre- en post­
operatief audiogram bij ingrepen aan het oor. 
5 Het gebruik van de COz-laser bij goedaardige afwijkingen aan de ware stem­
plooien biedt geen voordelen boven conventionele chirurgische technieken. 
6 Stemrust is een onderdeel van iedere stemverbeterende ingreep. 
7 "Strippen van de stembanden" als stemverbeterende ingreep is sinds de ontwik­
keling van de chordotomie achterhaald, en dient niet meer te worden verricht. 
8 De omschrijving "stilstand van de stemband" moet niet worden gebruikt. Er is of­
wei sprake van stilstand van een larynxhelft, ofwel van stroboscopisch opgeheven 
randgolvenpatroon. 
9 Logopedie voor in spraak en taal gestoorde kinderen dient niet door de eerste lijn 
te worden voorgeschreven, maar pas na een consult van een in deze stoomissen 
gespecialiseerd team. 
10  Indirecte laryngoscopie en directe flexibele laryngoscopie zijn voor evaluatie van 
stemafwijkingen niet toereikend als onderzoeksmethode. Omdat het oplossend 
verrnogen van de flexibele laryngoscoop onvoldoende is, is de optimale techniek 
voor poliklinische laryngoscopie indirecte laryngoscopie met behulp van het von 
Stuckrad-optiek, aangevuld met (video-)stroboscopisch onderzoek. 

1 1  De sinus Morgagni kunnen uitstekend gebruikt worden als opbergplaats voor 
microtampons tijdens microlarynxchirurgie, en lijken daarmee voor het eerst een 
functie te hebben. 
1 2  Produktaansprakelijkheid in de farmaceutische industrie zou een risico-aanspra­
kelijkheid moeten zijn. 
1 3  Beheersing van de achtergrondspeiling dient als eis te worden gesteld voor het 
behalen van het rijbewijs. 
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Speech is the fundamental prerequisite for the intellectual development and the social 
integration of man. Voice is the principal audible function of the vocal folds: it is the 
act of phonation which makes human speech suitable for audible communication. As 
the carrier wave for the speech signals, voice is one of the essential functions on which 
social life is based. Vocal disorders are therefore very conspicuous and distressing. 
Vocal disturbances are to be expected particularly when the vocal folds are affected. 
The smallest swelling on the free edge of the vocal fold can induce vocal disturbances 
with singing as well as with speaking (Schrotter 1893). In fact, any irregularity in 
length, width, thickness, specific weight, muscular development, position, insertion, 
motility and contractility, in short, any asymmetry in the physical properties of the 
vocal folds will affect the acoustic qualities of the voice (Arnold 1958). Irregularities 
can be regarded as primary disorders of the vocal folds, or can be secondary to an 
underlying disease. 
Primary disorders of the vocal folds can be either true neoplasms (malignant or 
benign) or pseudotumors. True benign tumors of the vocal folds (a tumor is an ab­
normal mass of tissue, the growth of which exceeds and is uncoordinated with that 
of normal tissues, and persists in the same excessive manner after cessation of the 
stimuli which evoked the change (Willis 1960)) are encountered infrequently (Painter 
1990). 
Many of the more common benign conditions involving the vocal folds, including 
vocal cord nodules, polyps, cysts and hyperplastic changes (Jones et a!. 1984) are 
pseudotumors. These common benign lesions of the vocal folds form the subject of 
this thesis. Minor associated pathological lesions, also called "minimal associated 
pathological lesions" (MAP) (Mossalam et a!. 1986, Kotby et a!. 1989), are a common 
denominator. According to Kotby, the main clinical features of these lesions are 
dysphonia, phonasthenic manifestations and specific microlaryngoscopic appearances. 
The aim of this investigation is to deliver a contribution to the knowledge of benign, 
non-neoplastic lesions of the vocal folds. 
Chapter 2 - The normal larynx - presents functional morphology, followed by 
examination techniques and findings during examination. 
In chapter 3 - The pathological larynx: a review - an extensive overview of the 
literature is described, concerning the most frequently diagnosed benign lesions of 
the vocal folds: polyps, Reinke edema, vocal fold nodules and cysts respectively. 
These four groups are chosen because these clinical diagnoses are made very often 
in otorhinolaryngological practice, and their clinical appearances do partly overlap. 
Finally, definitions will be presented as they were used during this investigation. 
Chapter 4 - Benign lesions of the vocal folds: inter- and intraobserver reliability in 
the assessment of clinical diagnosis - presents evidence that a confusion of tongues is 
apparent in the macroscopic description of benign vocal fold pathology. Apart from 
that, it shows that intraobserver agreement in a group of very experienced observers 
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is rather low. Uniformity is important, as the treatment modalities for benign lesions 
of the vocal folds do seriously differ. 
In chapter 5 - Suspension microlaryngoscopy and indirect microlaryngostroboscopic 
surgery for benign lesions of the vocal folds- the results regarding vocal function after 
treatment, depending on the chosen way of intervention, are prospectively studied. 
Advantages and disadvantages of either method are discussed. 
In chapter 6 - Benign lesions of the vocal folds -histopathology and phonotrauma 
- histologic slides of 92 vocal folds with clinically well-defined diagnoses were ex­
amined. Light and electron microscopical findings in combination with phonotrauma 
inducing and maintaining these lesions Jed to a new potential model of pathogenesis 
for the most common lesions. 
Chapter 7 - Ultrastructural changes of the basement membrane zone in benign 
lesions of the vocal folds - describes an electron microscopical study of the basement 
membrane zone of the epithelium in benign lesions of the vocal folds. 
In chapter 8 - Summary and conclusions - a new proposal for a working definition 
of polyps, Reinke edema, vocal fold nodules and cysts is presented. 
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The first part of chapter 2 reviews the literature on functional morphology of the 
normal larynx in order to better understand histopathology and pathophysiology. The 
second part of chapter 2 stresses that each examination method of the larynx has its 
own advantages and disadvantages, and that examination methods should be used in 
addition to each other. 
Functional morphology 
Embryology 
The laryngeal epithelium is of entodermal ongm and is derived from arches (or 
pouches) IV and VI (Hopp 1 955). The entire laryngeal surface epithelium is derived 
from a single embryonic cell type. In Hopp' s  opinion the glandular ducts, as sur­
face derivatives, share the same parent cell type. At birth, the entire laryngeal lumen 
except the free margins of the true vocal folds and the interarytenoid region has a 
ciliated, pseudostratified surface. To illustrate, the edges of the false vocal folds and 
the vallecula at three months of age have a ciliated respiratory epithelial surface but 
at the age of six months they are covered with stratified squamous epithelium (Soulie 
and Bardier 1907) and remain so covered throughout life. This is termed "physio­
logical metaplasia" by Hopp (after Kanthack (1889)), as an adaptation to the wear 
and tear of phonation, swallowing, and the other functions of the laryngeal sphincter. 
Stratified squamous epithelial ducts of the epiglottis, vallecula, and true vocal folds 
undergo the same kind of metaplasia, according to Hopp, as they are exposed to the 
same stresses. Other collecting ducts, less exposed, retain their ciliated type of lining; 
this explains why collecting ducts that underlie a stratified squamous surface have 
respiratory epithelial lining in some laryngeal regions and stratified squamous lining 
in others (DeSanto et al. 1969). 
Much of the epithelium covering the supraglottic and subglottic regions of an 
adult larynx is pseudostratified columnar ("respiratory") epithelium with interspersed 
goblet cells, although scattered metaplastic patches of stratified squamous epithelium 
are found in many larynges. The glottic region, including the true vocal folds, is 
covered with stratified squamous nonkeratinizing epithelium. 
Macroscopical functional morphology 
Healthy true vocal folds have a "perfectly smooth, flawless free edge" (Fig. 2. 1 ), 
which means that at the medial side of a true vocal fold no extruding growths or 
irregularities are present. This statement is valid in spite of the fact that "today, it is 
no longer acceptable to claim surgical success because 'the vocal cords look smooth' " 
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Figure 2.1 The nonnal larynx. Picture taken with von Stuckrad telescope. Large arrow: free edge of 
right true vocal fold. Open arrow: vocal process of left arytenoid, marking the boundary 
between middle and posterior third part of the vocal fold. Long arrows: longitudinally 
oriented blood vessel. 
(Ford and Bless 1991). Distensions would, due to their influence on closure of the 
glottis during phonation, distort the vocal quality. 
The cranial sides of the vocal folds are smooth and regular, and give the illusion of 
suppleness during motion. The undersides are invisible during indirect laryngoscopy. 
Normal true vocal folds are greyish white to pearl- or ivory white. At the border of 
the middle and posterior third part the vocal process can sometimes be seen shining 
through (Fig. 2.1 ). The full length of the membranous portion is sparsely covered with 
horizontally oriented blood vessels (Fig. 2.1 ), sometimes slightly coiled. Convolutions 
of blood vessels are only seen in irritated or otherwise pathological vocal folds. 
Attention should be paid to difference in color between the true vocal folds. 
Microscopical functional morphology 
A. Kolliker (1854) was the first to record that true vocal folds are covered by squamous 
epithelium, and all subsequent studies have agreed with this observation. The presence 
of ciliated cells scattered alongside the entire length of the true vocal folds was 
demonstrated more recently (Stafford and Davies 1988). This presence suggests a close 
developmental association between the two types of epithelial lining in the larynx; 
observations made a century earlier by Toumeux (1885) were thereby confirmed. 
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A basement membrane is present at birth, recognizable as a PAS-positive structure 
as seen in the adult. Elastic fibres, seemingly originating from subepithelial tissue, 
connect the subepithelial tissue to the basement membrane and thus to the epithelial 
layer. The strength of this connection increases with age. The elastic fibres in the 
lateral part of the conus elasticus (cricovocal membrane) become attenuated as they 
approach its free border, which forms the edge of the vocal fold. These fibres disappear 
by the age of approximately 30 years (Behrendt and Strauch 1965). 
The conus elasticus is important in the "body-cover theory" of sound formation. 
The vocal muscle is- to its medial side - covered with the conus elasticus. The conus 
elasticus is relatively thick near the free edge of the vocal fold. This section is called 
the vocal ligament; the margin between the vocal ligament and the conus elasticus is 
therefore difficult to locate (Mayet 1955). The conus elasticus is composed of dense 
fibrous tissue which in tum consists of collagen and elastic fibres, the intermediate 
and deep layer of the lamina propria (Fig. 2.2). It is tightly connected with the vocal 
muscle, and appears to be one unit with the vocal muscle during vibration. Superficial 
to the conus elasticus lies the mucous membrane consisting of epithelium, and loose 
connective tissue of the lamina propria (Fig. 2.2). This superficial layer of the lamina 
propria is the same as Reinke' s  space (see below). It is loosely connected to the conus 
elasticus. Therefore, Reinke' s  space together with the epithelium can be moved in a 
different manner from the comts elasticus during vibration. These findings indicate 
that the vocal fold should be regarded as a double-structured vibrator consisting of a 
body made up of the vocal muscle and the comts elasticus, and a cover consisting of 
the mucous membrane (Hirano 1974). 
Reinke' s  space is a potential space between the lines of attachment of the mucosa 
to the submucosal layer. The attachment lines, also marking the boundary between 
stratified squamous and ciliated columnar epithelium (Fig. 2.2), are assumed to be the 
same as the linea arcuata inferior and the linea arcuata superior respectively. The 
anterior border of Reinke' s  space consists of an elastic membrane in the region of the 
anterior commissure where loose connective tissue ends and firm connective tissue 
begins. The posterior border is the site where the perimysium of the vocal fold firmly 
adheres to the vocal process of the arytenoid (Kosokovic et a!. 1974). The potential 
space in between was described by Hajek (1925, 1926), who proposed to name this 
space after Reinke. Hajek confirmed the experiments which had been performed with 
success by Reinke, who was an anatomist working in the Institute for Anatomy in 
Rostock. Reinke, in the mid-eighteennineties, worked in a more superficially located 
layer than Hajek did in his initial experiments which he (Hajek) reported on in 1891. 
Reinke, by injecting air and gelatin immediately under the mucosa, was able to create 
edema in a space. These results were published by Reinke in 1895 and 1897. The 
clinical entity of edema of the vocal folds had already been recognized by Hajek 
(1891) and predecessors like Bichat and Bayle (cited after Hajek 1891), but anatomical 
justification for accumulation of fluid in that subepithelial space was first found by 
Reinke. Reinke emphasized that the subepithelial space of vocal folds, consisting of 
scattered connective fibrils, was confined on all sides by dense connective tissue which 
prevented further penetration of fluid. 
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Figure 2.2 Schematic representation of the structure of the human vocal fold (Hirano 1975). 














The experiments of Reinke and Hajek have been repeated and corroborated completely 
(Mayet 1 955, 1 96 1 ,  Pressman 1956a, 1 956b, Kosokovic et a!. 1 974). Mayet described 
a lamellar structure in the connective tissue of the conus elasticus; the lamellas are 
connected to the basement membrane of the squamous epithelium of the vocal fold. 
The area between these two lines is consequently not connected directly with the 
conus elasticus. 
The layer structure schematized in figure 2.2 varies along the length of the vocal 
fold. The cover is thickest at the midpoint of the length of the membranous part of the 
vocal fold, and it becomes thinner towards the anterior and posterior ends. In females, 
it thickens with age (Hirano et a!. 1 989). 
The intermediate layer is thinnest halfway and becomes very thick near the ends, 
forming oval masses of elastic fibres, the anterior and posterior macula jlava (Hirano 
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et al. 1 989). This layer thins, and the elastic fibres atrophy with age (Hirano et al. 
1 989). 
The deep layer (the thyroarytenoid muscle) is thickest in the posterior part. It 
thickens with age in males (Hirano et al. 1989). The structures near the dorsal ends 
of the paired muscle appear to act as a cushion with the purpose of protecting the 
ends from mechanical damage which may be caused by vibration (Hirano et al. 1 98 1 ,  
Hirano and Kurita 1986). The changes observed during aging lead to an increase 
in fundamental frequency in males, and a tendency to a decrease of fundamental 
frequency in females (Hirano et al. 1989). 
Blood vessels 
The blood vessels of the free edge of the lamina propria tend to run longitudinally, 
arise from the anterior and posterior ends of the vocal fold, and have no connection 
with the underlying muscular layer. The blood supply to the muscular layer arises from 
deep inside that layer and runs transversely and medially, until the vessels arborize 
beneath the epithelium (Hiroto et al. 1 969, Mihashi et al. 1981) .  
Capillaries in  the subepithelial space have a close resemblance to capillaries in  the 
lungs (Solisch and Barenwald 1 964): they are characterized by a closed endothelial 
lining, a basement membrane and a closed outer cell layer. The thickness of the 
endothelial layer of the capillaries varies from 54 nm to 3.5 J.Lm. 
Lymphatic capillaries 
Werner et al. ( 1 988, 1 990) showed that there is an increase of lymphatic capillaries 
going from the anterior commissure up to the area of the arytenoid cartilage. This 
is, however, in contrast with the observations made by Mann ( 1979), who saw a 
decrease in density looking in anteroposterior direction. Most of the capillaries have 
a longitudinal direction, but there are cross-connections. 
Glandular system 
Presence of subepithelial mucous glands on the true vocal folds was definitely con­
firmed by Bak-Pedersen and Nielsen ( 1 986). They described an area without orifices, 
in most larynges centrally on the surface of the vocal fold. More anteriorly glandular 
orifices were present in low counts. 
DeSanto et al. ( 1 969) examined a total of 1480 sections to establish a concept of 
the normal gland-duct system of a larynx. They distinguished between three types 
of gland ducts, applicable consistently throughout the larynx: collecting, interlobular, 
and intralobular ducts. This subdivision Jed to a classification of laryngeal cysts. 
Collecting ducts are large proximal ducts that open onto the lumen of the larynx. 
They are lined by either ciliated pseudostratified columnar ("respiratory") epithelium 
or stratified squamous epithelium. Both types of epithelial lining can be found on the 
true vocal folds. Respiratory epithelial collecting ducts can be seen to penetrate the 
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stratified squamous surfaces, whereas stratified squamous epithelial collecting ducts 
are seen to blend into such surfaces. 
Interlobular ducts lie between acinar groups in the gland and are quite short. Their 
lining cells consistently are goblet cells. These ducts can be found in all sites of the 
larynx. 
Intralobular ducts lie within the acinar groups. They are lined with unciliated 
cuboidal epithelium and are found throughout the larynx. Eosinophilic granular cells, 




The vocal folds can be inspected with a laryngoscopic mirror. This technique of 
indirect laryngoscopy has been invented by Manuel Patricio Rodriguez Garcia ( 1 855, 
1 878), and is well-known to any laryngologist. 
Each larynx that can be inspected using indirect laryngoscopy can be visualized 
using indirect microlaryngoscopy (Wendler and Seidner 1987). Sedlacek introduced 
this procedure in 1967, but Seidner et al. ( 1 972) were the first to publish it. For this 
purpose an ordinary operation microscope with a focal distance of the objective of 300 
millimetres is used. The light beam is directed on the posterior pharyngeal wall. When 
the laryngoscopic mirror is placed on the correct area, focusing can be achieved by 
either moving the patient, or the microscope. The technique is not difficult to master. 
From indirect microlaryngoscopy it is just a small step to indirect microlaryngo­
stroboscopy. The first reports were written by McKelvie et al. ( 1 970). Seidner pre­
sented the first results using this technique at the 41h Symposion on Phoniatrics in 
Leipzig, October 1 97 1 ,  and emphasized the possibility to microscopically observe the 
movements of the mucous membrane at the margins of the vocal folds in the course 
of indirect endolaryngeal operations (Seidner et al. 1972, Wendler and Seidner 1 987). 
Pascher ( 1 973) independently developed the same new technique. 
Besides looking through a concave head mirror, one can use a rigid telescope with 
built-in prisms, a technique which is called rigid rod examination. Of those subjects 
with unsuccessful mirror examination, two-thirds will be satisfactorily examined using 
the rod (Barker and Dort 1 99 1  ). A typical example of these telescopes is the double­
focus von Stuckrad telescope (Stuckrad and Lakatos 1975), which uses a 90° angle 
(Fig. 2.3). Currently 70° telescopes are becoming popular. An important advantage 
is that its tip can less easily come into contact with the uvula, which may hamper 
full sight of the larynx. A disadvantage is the occurrence of an optical parallax: the 
arytenoid region will appear to be relatively larger than the anterior commissure. 
Using (micro)laryngostroboscopy during chest voice, it is possible to look at the 
medial part of the inferior side of the true vocal folds during the final part of the open 
phase, as has been described by Hirano ( 1 975) and Kitzing ( 1985). Video recording 
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Figure 2.3 The double-focus von Stuckrad telescope. 
of this examination has the advantage that a laryngologist, by repeatedly looking at 
the recordings preoperatively, can optimally prepare himself. 
Direct laryngoscopy 
Direct laryngoscopy can be divided into flexible and rigid direct laryngoscopy. 
Rigid direct laryngoscopy was introduced in 1 895 (Kirstein 1 895a, 1 895b). Origi­
nally direct laryngoscopy was performed under local anaesthesia, although in children 
the operation has been performed using no anaesthetics at all (Huizinga 1 922). Surgery 
during suspension microlaryngoscopy, a modification of rigid direct laryngoscopy, un­
der general anaesthesia, became the treatment of choice in the Western world for most 
benign lesions of the vocal folds. 
In flexible direct laryngoscopy (introduced by Sawashima and Hirose 1 968) a flex­
ible rod of teflon-coated glassfibres is introduced via the nose and the nasopharynx 
up to and beyond the tip of the epiglottis, so as to visualize the glottis. This examina­
tion can be performed with a minimum of inconvenience and morbidity as an office 
procedure. It offers the advantage of providing a better opportunity for visualizing 
the posterior part of the epiglottis when compared to indirect laryngoscopy. The dis­
advantages are the narrow angle compared to indirect laryngoscopy as well as the 
small size of the image. When connected to a stroboscope the resolving capability 
is definitely inferior to stroboscopy using a conventional stroboscope or a rigid tele-
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scope connected to a stroboscope (Bouchayer and Comut 1 988). Good reviews of 
advantages and disadvantages of both methods have been presented by Yanagisawa 
et al. ( 1 983, 1 993). 
Closure during phonation 
Assuming that a normal larynx always has full and strong vocal folds, the glottis 
closes over the full length during phonation. Using indirect laryngoscopy the gross 
respiratory movements of the folds, i.e. abduction and adduction, can be evaluated. 
Using (micro)laryngostroboscopy a laryngologist can examine the vibratory move­
ments as well as the vertical travelling wave movements of the mucosal cover of the 
folds (Kitzing 1985). 
If a patient has an insufficient glottic closure, it is of importance to note the lo­
calization of the insufficiency (middle third part, posteriorly, etc.), and whether it is 
a consequence of relative impaired mobility of a laryngeal half, or due to a space­
occupying lesion in the vocal fold region. In the latter case insufficient closure can 
be closely related to the aspect of the free edge of the true vocal fold. 
Any distension, whether it is benign or malignant, on the free edge of a vocal 
fold will cause an insufficient closure of the glottis, simply because of mechani­
cal factors. Insufficient closure leads to excessive airflow during phonation, resulting 
in a hoarse, breathy voice. The efficiency of voice production deteriorates (Schutte 
1 980). In the case of a malignancy the voice production will also be hampered due 
to ingrowth into the internal thyroarytenoid muscle, which can be detected using 
(micro)laryngostroboscopy, even before a histological diagnosis has been made 
(Kitzing 1 985). 
Mobility of a distension has consequences for closure of the glottis. A pedunculated 
lesion on the free edge will be pressed upwards because of the airstream which is 
directed cranially during phonation. The moment an actual phonation starts, such a 
lesion will be immediately above the vocal folds, and thus influence closure little or 
not at all. The voice is thus characterized by aphonic or diplophonic starts. A weak, 
liquid distension, however, will hamper the closure posteriorly, but anterior closure 
will be very good. The voice will be lower because the vibrating mass has increased. 
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Chapter 3 




In this chapter a review is given of the most frequently diagnosed benign lesions of the 
vocal folds: polyps, Reinke edema, vocal fold nodules and cysts. These four groups are 
chosen because these clinical diagnoses are made very often in otorhinolaryngologic 
practice (Painter 1 990), and their clinical appearances do partly overlap. Of each group 
the following elements will be described: macroscopy, microscopy, and symptoms and 
signs. Futhermore several terminological aspects which were, or still are, unclear will 
be discussed. 
Polyps 
Polyps - macroscopy 
Polyps (Fig. 3 . 1 )  are small pedunculated or sessile lesions on the free edge (or phon­
ating edge) of the true vocal fold (van den Broek 1 979, Kambic et al. 1 98 1 ,  Gilman 
et al. 1 982, Kotby et al. 1 989). They can occur over the entire length of the true vocal 
fold (Jackson 1 941 ), and are mobile during phonation (Kambic et al. 1 98 1 ). 
Mostly polyps occur singularly and unilaterally (Arnold 1 962, Sellars 1979, Kotby 
et al. 1 989), but bilateral cases also have been reported in the literature (Holinger and 
Johnston 1 95 1 ,  Kleinsasser 1982, 1986, Gilman et al. 1 982, Steinberg et a!. 1 985). In 
the majority of the cases stroboscopic vibratory movements are asymmetrical, glottic 
closure is incomplete, and the amplitude and mucosal wave are decreased to varying 
degrees (Hirano 1 989). 
Polyps vary in size from only a few millimetres in diameter to nearly occluding 
the glottis. The macroscopical aspect of polyps can vary from a glassy translucent 
gelatinous form (a smooth, soft, translucent mass with a broad base) to a telangiectatic 
appearance (Kleinsasser 1 982). A convolute of capillaries can be seen on the latter 
type, as well as on the superior side of the true vocal fold (Sataloff 1 989). These 
capillaries can transform to convolutions of larger blood vessels which become more 
and more pedunculated. However, the transitional form between the above mentioned 
extremes is most common (Kleinsasser 1 982). 
Polyps are very common benign non-neoplastic tumors of the vocal folds, occurring 
in 1 1  - 5 1 %  of reported cases of benign lesions of the vocal folds (Holinger and 
Johnston 1 95 1 , Kleinsasser 1 974, Comut and Bouchayer 1 988, Painter 1 990). 
To summarize, many macroscopic appearances have been described, but a consensus 
on uniform macroscopical description has not been reached. 
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Figure 3.1 Polyp, right vocal fold (arrow). 
Polyps - microscopy 
The stratified squamous epithelium that covers the polyps can vary from atrophic or 
acanthotic (Loire et a!. 1988), via generally normal to rarely hyperplastic and kera­
tinized (Frenzel et a!. 1 980, Kambic et a!. 198 1) .  There is a significant heterogeneity 
in cytokeratin expression (Steinberg et a!. 1 985). 
Microscopically three subgroups can be characterized: the fibrous, the telangiectatic 
and the hyaline polyps (Mossalam et a!. 1 986, Kotby et a!. 1 989). 
Jackson ( 1941 )  claimed that polyps are of inflammatory origin, and called them 
"organizing haematomas" in reference to the big subepithelial spaces filled with ery­
throcytes. The common degenerative change, according to Lore ( 1945), takes the 
form of edema and myxomatous change, but sometimes the sinusoidal blood vessel 
becomes markedly dilated to the form of a blood cyst, or it may rupture and bleed into 
the edematous stroma. If the vessel leaks plasma into the interstitium, it appears as a 
deeply staining fibrinoid material (Lore 1 945). Sometimes this material condenses to 
plaques of eosinophilic fibrin (Frenzel et a!. 1980). In the more telangiectatic polyps 
the contents are tightly filled with a dense nearly homogeneous eosinophilic material 
surrounding irregularly arranged vascular spaces. Between the endothelial cells of 
the capillaries in the telangiectatic polyps gaps are present and there is a wide band 
of lamellated basement membrane-like material between the endothelial cells and the 
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fibrin deposits. The broad based gelatinous polyps show normal blood vessels (Frenzel 
et al. 1980). 
In the subepithelial tissue, edema is the fundamental pathological observation (Kam­
bic et al. 1 98 1  ). Loire et al. ( 1 988) showed that the major volume of the lesions consists 
of fibrinous exudates, seen either as a loose network, or as voluminous clumps. En­
dothelial cells connect these clumps, and neovascularization passes in between these 
cells. Edematous polyps contain some plasma in these fibrinous loculations, angioma­
tous polyps contain erythrocytes. Proliferation of tiny vascularized "septae" into the 
fibrinous exudates also account for the angiomatous appearance. Less specific abnor­
malities are: thinning of the basement membrane, diffuse edema of the submucosa, 
cellular infiltration of the submucosa with lymphocytes or histiocytes, and presence of 
blood pigments in the tissue. Pre-existing blood vessels are dilated and have thinned 
vessel walls (Loire et al. 1 988). 
The common histopathological features seen by Kotby et al. ( 1 989) are mainly an 
epithelium that shows variable degrees of acanthosis, and a connective tissue core 
comprised of mature collagenous fibrous tissue with varying degrees of vascularity 
and edema. Edema spaces are only seen in the hyaline polyp. Telangiectatic polyps 
are characterized by thick-walled blood vessels lined with endothelial cells. In none of 
their three types (fibrous, telangiectatic and hyaline polyps) are inflammatory reactions 
present, which might be a matter of definition. 
To summarize, the covering epithelium of polyps of the true vocal folds is micro­
scopically described in various ways. The subepithelial tissue is mostly reported as 
being edematous. 
Polyps - symptoms and signs 
Persistent hoarseness (existing for a few weeks) is the presenting symptom in 82% 
of the cases (Yates and Dedo 1 984). The symptoms can occur intermittently. In case 
of extreme growth, vocal fold polyps sometimes lead to dyspnoea, stridor and even 
choking spells (Strong and Vaughan 1 97 1 ,  Kleinsasser 1 974, Gilman et al. 1 982) or 
intubation difficulties (Kloss and Petty 1 975). 
There is a significant male preponderance in polyps (Yates and Dedo 1 984, Klein­
sasser 1 986, IGtzing 1 987, Bouchayer and Comut 1 988, Kotby et al. 1 989). Most 
patients are found to be smokers, or use their voice professionally (Riess and Wendler 
1 976, Kleinsasser 1 982). The age peak is between 30 and 50 years (Kleinsasser 1 974), 
or slightly older (Kotby et al. 1 989). 
Reinke edema 
Reinke edema - macroscopy 
Reinke edema (Fig. 3.2) is characterized by an edematous lesion over the full mem­
branous length of one or both true vocal folds. The lesion is bilateral in 62.5% to 
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Figure 3.2 Reinke edema, both vocal folds (arrows). 
85% of the cases (Holinger and Johnston 1 95 1 ,  Matsuo et al. 1 983, Fuchs 1989). The 
classic form, with "diffuse spindle-shaped edema of both vocal folds along their entire 
length and with unchanged epithelium with fluid shining through" (Kosokovic 1 97 4 ), 
was only seen in 25% of Kosokovic' s  series. Half of his patients had a circumscribed 
edema on the border of the anterior and middle third of both vocal folds. 
Many synonyms exist for Reinke edema. In English literature the lesion is also 
known as polypoid chorditis, polypoid degeneration, cordal polyposis, polypoid hy­
pertrophy and polypoid vocal cord. In French literature the lesion is described as 
chronic edema of the vocal folds, pseudomyxoma or pseudomyxomatous laryngitis 
(Savic 1 976). The first time the lesion was described in American literature, it was 
called smoker's larynx (Myerson 1 950). 
Savic ( 1976) has proposed staging the lesion in four grades. Unfortunately this 
grading system is not frequently used. Grade 1 confines a non-detectable lesion us­
ing indirect laryngoscopy, the lesion can only be microscopically diagnosed. Grade 2 
represents the severe chronic edema. Grade 3 corresponds with large, transparent 
edema, and grade 4 corresponds with hyperaemic, fluid filled edematous spaces. Till­
mann and Rudert ( 1982) describe a progression in size during the course of months 
to years, corresponding with Savic's observation. 
Of the 1 17 cases with Reinke edema in Hirano's series (Hirano 1 989), approxi­
mately two-thirds of the cases show stroboscopically asymmetrical vibratory move­
ments. The remaining one-third present with stroboscopically irregular movements. 
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Approximately 60% had a complete glottic closure. The amplitude and mucosal wave 
vary in his series, and are dependent on the content of the lesion. 
Reinke edema - microscopy 
Hajek ( 1 89 1 ,  1 925, 1 926) and Reinke ( 1895, 1 897) were the first investigators of the 
clinical entity of Reinke edema. 
According to Myerson ( 1950) the epithelium is usually stratified squamous, but may 
show ulceration, atrophy, acanthosis "or any of the surface changes to which laryngeal 
neoplasms are prone." Epithelial hyperplasia is present in one-fourth of the cases 
(Savic 1 976). Loire et a!. ( 1 988) describe a stereotypical1y very irregularly thickened, 
redundant epithelium. Kotby et a!. ( 1 989) describe areas of epithelial thickening and 
hyperplasia. 
The basement membrane has been described as not thickened (Myerson 1 950), 
discontinuous (Tillmann and Rudert 1982), and normal but thickened in other cases 
(Loire et a!. 1988). 
Focally, a heavy infiltration of inflammatory cells is present (Myerson 1 950). When 
cellular infiltration occurs, it is principally lymphocytic or histiocytic, less commonly 
plasmocytic or with polymorph-nuclear Jeucocytes (Loire et a!. 1 988). 
The characteristic abberations are found in the subepithelial layer of the true vocal 
fold (Tillmann and Rudert 1 982, Bennett et a!. 1 989). The main finding in the submu­
cosa is marked edema, accompanied in some areas by pseudovascularity (Loire et al. 
1988). Wide spaces of edema fluid accumulation (Kotby et al. 1 989) are present, lined 
with fibroblasts. These fibroblasts turned out to be contiguous, without intercellular 
connections (Tillmann and Rudert 1 982). Kleinsasser ( 1 982) claims that chronic irri­
tation influences the permeability of the capillaries, leading to extravasation of blood 
and tissue fluid in the superficial layer of the lamina propria. 
Summarizing, the covering epithelium of Reinke edema is microscopically de­
scribed in various ways. Subepithelially most investigators have found large, empty 
spaces. None of the investigators clinically defined Reinke edema in advance of his­
tological examination. 
Reinke edema - symptoms and signs 
Persistent hoarseness is the initial symptom in 97% of the cases, and lasts one year 
or longer before the patient is referred to the laryngologist (Matsuo et a!. 1 983). 
The voice pitch is low (Moesgaard Nielsen and H!Zijslet 1 987): 80 Hz and lower for 
men (Baarsma 1 977) and an average of 1 08 Hz for women (Bennett et al. 1 987). 
The pitch drops due to the increasing weight of the vibrating part of the vocal fold 
when edema develops (Fritzell and Hertegard 1 986, Shindo and Hanson 1 990). Pain 
is a very unusual symptom. In extreme cases dyspnoea and even stridor can occur 
(Kleinsasser 1 974, Tillmann and Rudert 1 982, Fuchs 1 989), for which at least one 
patient was reported to require a tracheotomy (Myerson 1 950). 
Reinke edema is reported to appear only in heavy smokers (Lumpkin et a!. 1 987, 
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Table 3.1 Distribution between sexes (%), number and age of patients in Reinke edema. 
Male Female II Age 
Myerson 1950 90 10 143 16 - 69 
Holinger & Johnston 1951 62 38 120 <20 ->60 
Brodnitz 1963 36 64 73 3 1 - 74 
Kleinsasser 1974 54 46 303 28 - 74 
Matsuo et a!. 1983 60 40 191  1 4 - 78 
Yates & Dedo 1984 19 81  I I  38 - 77 
Fritzell & Hertegllrd 1986 6 94 126 around 50 
Bennett et a!. 1987 1 7  83 35 33 ->65 
Kitzing 1987 24 76 72 not specified 
Lumpkin et a!. 1987 19 8 1  36 50 - 60 
Moesgaard Nielsen & H�jslet 1987 18 82 60 22 - 68 
Fuchs 1989 63 37 307 40 - 60 
White et al. 1991 5 95 61  29 - 79 
Total 49 5 1  1538 14 - 78 
Bennett et al. 1 987). The relationship between smoking and Reinke edema is suggested 
by many authors (Kleinsasser 1 974, Matsuo et al. 1983, Fritzell and Hertegard 1 986, 
Moesgaard Nielsen and Hf/ljslet 1 987, Hertegard 1988, Kotby et al . 1989, Sataloff 
1989, White et al. 1 99 1  ). Chronic voice strain has also been reported as the cause 
of Reinke edema (Kitzing 1987, Sataloff 1 989), or as an important co-factor (Fuchs 
1 989). However, excessive daily voice use does not seem to be an important aetiologic 
factor according to a Japanese study (Matsuo et al. 1 983). 
The predilection age is 40 to 60 years, with a variation from 14 to 78 years (table 
3 . 1 ). The distribution over sexes shows wide variation. 
Unfortunately, few investigators have clinically defined Reinke edema before their 
descriptions of symptoms and signs. 
Vocal fold nodules 
Vocal fold nodules - macroscopy 
Vocal fold nodules (Fig. 3.3) have been described in a large variety concerning size, 
composition, location on the vocal fold, and their effect on vibratory pattern and the 
resulting vocal quality. Grossly, two main groups of observers can be distinguished. 
The first main group favors the concept that vocal fold nodules are round neoplasms, 
I to 2 millimetres in diameter, located bilateral symmetrically on the free edge of the 
true vocal fold, on the junction of the anterior and middle third of the fold, i.e. halfway 
the membranous portion of the fold. Supporters are numerous (Schrotter 1 893, Hussl 
1920, Brodnitz and Froeschels 1 954, Kahn 1 959, Arnold 1962, Bohme and Rosse 
1 969, Strong and Vaughan 1 97 1 ,  Too hill 1 975, Hemprich 1978, van den Broek 1 979, 
Khambata 1 979, Sellars 1 979, Heinemann 198 1 ,  Morrison et al. 1 983, 1 986, Yates 
and Dedo 1984, von Leden 1 985, Redel and van der Leden 1 989, Kotby et al. 1989, 
Kaufman and Isaacson 1 99 1 ,  Kaufman and Blalock 1 99 1 ,  Werkhaven and Ossoff 
199 1 ). 
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Figure 3.3 Vocal fold nodules, both vocal folds (arrows). 
The second main group states that the nodules may be either unilateral or bilateral. 
Supporters of this opinion are also numerous (lmhofer 1 924, Thomson and Negus 
1 937, New and Erich 1 938, Jackson 1 94 1 ,  Harris 1 948, Holinger and Johnston 1 95 1 ,  
Withers 1 96 1 ,  Rubin and Lehrhoff 1962, Lacina 1 972, Comut and Bouchayer 1 973, 
1 988, Benjamin and Croxson 1987, Lancer et al. 1 988). 
Comut and Bouchayer ( 1 973) clinically divided laryngeal nodules into simple uni­
lateral nodules, bilateral or kissing nodules, pseudocysts and fusiform mucous edema. 
The bilateral form was, though usually asymmetric, the most frequent in their series. 
Wendler et al. ( 1988), however, did not place nodules and marginal edema into the 
same category as the ages of the respective patients were very different. 
The nodules may be either whitish or greyish white, like the adjacent squamous 
mucosa, or slightly pink, except in the case of "acute" (inflamed) nodules. Especially 
among singers, nodules take on an almost pointed appearance and are very white and 
small (Bouchayer and Comut 1 988). The surface is smooth. The size varies from one 
to several millimetres in diameter. Microwebs in the anterior commissure ("micro­
palmures") are present in 23% of the cases (Bouchayer and Comut 1 988, Comut and 
Bouchayer 1988). 
An open posterior chink is present in 95% of the patients (Morrison et al. 1 983, 
1986). Kleinsasser ( 1986) suggested that the posterior chink is secondary to mechan­
ical factors. 
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Stroboscopically the consistency of the nodules can be observed (Damste 1 987). Am­
plitudes and mucosal wave pattern are small, but symmetrical and regular (Hirano 
1 989). 
Nodules are very common benign lesions of the vocal folds, occurring in 17% 
to 24% of the cases in  very large series (Holinger and Johnston 1 95 1 ,  Cornut and 
Bouchayer 1 988). In singers the lesion is even more common: 28% of 101  profes­
sional singers (Cornut and Bouchayer 1 989). However, these data provide insufficient 
evidence for defining these lesions as singer's nodules. 
Vocal fold nodules - microscopy 
Vocal fold nodules consist of normal stratified epithelium (Imhofer 1924, Thomson 
and Negus 1 937, New and Erich 1 938, Salinger 1 956). Epithelial hyperplasia with 
thickening of the subepithelial stroma has been described (Jackson 194 1 ,  Fitz-Hugh 
et al. 1 958, Hemprich 1 978). Others reported few subepithelial changes, such as 
slight edema, basement membrane thickening and zones of blurring, and absence of 
inflammation (Loire et al. 1 988, Kotby et al. 1989). 
Several authors distinguish between acute and chronic nodules. The former have 
normal squamous epithelium over an edematous stroma with thin-walled dilated blood 
vessels, loose fibrous tissue, and lymphocytes and plasmacells depending on the degree 
of inflammatory change. The latter show a thickened epithelium, and show acanthosis, 
keratosis and parakeratosis, with compact fibrosis and minimal edema of the underly­
ing connective tissue, which lacks inflammatory reaction (Kohn 1 959, Withers 1 96 1 ,  
Arnold 1 962, Behrendt 1 964, Lacina 1 972). 
Vocal fold nodules - symptoms and signs 
In vocal fold nodules the voice is frequently hoarse, breathy (with a waste of air) 
and easily fatigued (Brodnitz and Froeschels 1 954). The size of the nodule does not 
necessarily bear direct relationship to the extent of vocal disability: sometimes small 
nodules disproportionately impair the voice. 
Adult women suffering from vocal fold nodules usually show hoarseness for more 
than half a year (Kitzing 1987). The majority of the patients were teachers or people 
dealing with a job in a competitive atmosphere (Jackson 1 941 ,  Brodnitz 1 963, Klein­
sasser 1 974, Morrison et al. 1986). Among singers the condition is almost exclusively 
a disease of singers of the pop variety (Khambata 1979), occurs more commonly in 
tenor and soprano voices, and is rarely if ever encountered in bases and contraltos 
(lmhofer 1 924, Thomson and Negus 1 937, Lacina 1972, Khambata 1 979). The nod­
ules are smaller in singers than in nonsingers, probably because a change in maximum 
vocal performance is a reason for singers to note problems at an earlier stage than 
nonsingers (Peppard et al. 1988). 
Nodules are frequently seen in (predominantly male) children (Riess and Wendler 
1 976, Cornut et al. 1 984, von Leden 1 985, Morrison et al. 1 983, 1 986, Benjamin and 
Croxson 1 987, Kotby et al. 1 989). In adults, the condition is seen more frequently 
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Table 3.2 Incidence of vocal fold nodules in children. 
Toohill 1 975 
Silverman & Zimmer 1 975 
Prytz 1 989 
Table 3.3 Incidence of vocal fold nodules among children with voice problems. 
Wendler 1966 
Biihme & Rosse 1 969 
Silverman & Zimmer 1 975 
Prytz 1 989 







or exclusively in women (lmhofer 1 924, Holinger and Johnston 1 95 1 ,  Brodnitz and 
Froeschels 1 954, Brodnitz 1 963, Bohme and Rosse 1 969, Strong and Vaughan 1 97 1 ,  
Wendler and Seidner 1 97 1 ,  Comut and Bouchayer 1 973, 1 988, 1989, Heinemann 
1 98 1 ,  Kleinsasser 1 974, Morrison et al. 1 983, 1 986, Yates and Dedo 1 984, Kitzing 
1 987, Kotby et al. 1 989). When appearing in women, their age is predominantly the 
early twenties (Bohme and Rosse 1 969, Strong and Vaughan 1 97 1 ,  Morrison et al. 
1 986) or up to ten years older (Wendler and Seidner 1 97 1 ,  Kleinsasser 1 974, Comut 
and Bouchayer 1 988). 
The incidence in children varies from 1 to 23% of all children (table 3 .2), with 
peaks between 5 and 1 0  years (Toohill 1 975); in other groups the peak is at 4 to 8 
(Silverman and Zimmer 1 975) and 9 to 1 2  years (Benjamin and Croxson 1987). The 
incidence among children with voice problems varies from 1 6  to 95% (table 3 .3). The 
onset of symptoms is gradual in 95% of the children (Toohill 1 975). 
Psychological or psychosomatic facets of aetiology have been said to be of para­
mount importance, when these facets lead to excessive voice use or misuse (Withers 
1 96 1 ,  Comut and Bouchayer 1 989). 
Cysts 
Cysts - macroscopy 
Cysts can be divided in mucous retention cysts, epidermoid cysts, pseudocysts and 
cystadenomas. 
A mucous retention cyst (Fig. 3 .4) is a yellowish vault on the mid-third part of the 
membranous portion of the true vocal fold. Often it is the cause of a contralateral 
contact lesion, which makes it easy to confuse with kissing nodules. In the extreme 
case, the macroscopic diagnosis is made during the operation, when the characteristic 
mucous liquid runs out (Comut and Bouchayer 1 988). 
An epidermoid cyst (Fig. 3.5) is a localized vague small whitish swelling or discrete 
bulging on the mid-third membranous part of a vocal fold. The diagnosis can be made 
in cases with a monocorditis with a stroboscopically reduced or absent mucosal wave 
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Figure 3.4 Mucous retention cyst. right vocal fold (arrow): pseudocyst., left vocal fold (open arrow). 
Figure .3.5 Epidcnnoid cyst, right vocal fold (arrow). 
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Figure 3.6 Pseudocyst, left vocal fold (arrow); secretion in anterior commissure (• ). 
(Monday et al. 1 983, Hirano et al. 1 989). Of all cases of epidermoid cysts, only 1 0% 
were diagnosed on initial examination as a white or yellow sphere shining through 
the mucosa, usually on the superior surface of the middle third of the membranous 
part of the vocal fold (i.e. the junction of the anterior and middle third of the vocal 
fold as a whole, including the vocal process). In 55% of the cases a cyst was less 
obvious but suspected because of a localized subtle fullness on a point corresponding 
to the middle third of the membranous portion of a vocal fold, with dilated capillaries 
converging on this region, and a localized reduced or absent stroboscopic vibratory 
pattern. The remaining 35% were discovered during operation (Bouchayer et al. 1 985). 
Epidermoid cysts appear to be located bilaterally in 62% of 77 cases (Bouchayer et 
al. 1 985, Comut and Bouchayer 1988, 1 989), and in 50% of eight cases (Hirano et al. 
1 989). lpsi- and contralateral concomitant abberations such as sulcus or sulci glottidis, 
weals or furrows of the vocal fold and mucous bridges can be present (Bouchayer 
et al. 1 985, Bouchayer and Comut 1 988, Comut and Bouchayer 1 988, Hirano et al. 
1 989). Epidermoid cysts are more common than mucous retention cysts (75% and 
25% respectively) (Monday et al. 1 983). 
A pseudocyst (Fig. 3.6) is a swelling resembling a retention cyst, usually located on 
the junction of the anterior and middle third of the true vocal fold. The macroscopic 
wall is quite thin and translucent, and it contains a more or less viscous fluid (Monday 
et al. 1 98 1 ,  Comut and Bouchayer 1 988). A contralateral small contact lesion is 
commonly observed (Comut et al. 1 984 ). The distinction between a retention cyst 
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and a pseudocyst is made histologically, as a pseudocyst has no epithelial lining. The 
use of the clinical term is not general however, probably due to the prefix pseudo. 
Cystadenomas are lesions that imply cystic spaces in a benign adenoma. Clinically, 
these tumors are uncharacteristic (Monday et al. 1 98 1 ). Some authors consider them to 
be a subdivision of the retention cysts (Lundgren et al. 1982, Kleinsasser 1986). There 
are many synonyms for these lesions: cystic adenoma, papillary cystadenoma, ade­
nolymphoma, onkocytoma, eosinophilic granular-cell cyst, eosinophilic granular-cell 
cystadenoma, oxyphilic adenoma, oncocytic adenomatous hyperplasia, eosinophilic 
papillary cystadenoma, oncocytic lesion, oncocytic cyst, oncocytoma, oxyphilic ade­
noma, lymphomatous papillary cystadenoma, oncocytic papillary cystadenomatosis, 
cystic oncocytic metaplasia, and oxyphilic granular-cell cystadenoma. There is fairly 
general agreement that it concerns a benign neoplasm, but the fact that the lesion has 
been described in various terms indicates the disagreement on the histogenetic clas­
sification (Robinson et al. 1 990). Cystadenomas are very rare on the true vocal folds 
(DeSanto et al. 1 969, Lundgren et al. 1982), but some have been described (New and 
Erich 1 938, Robinson et al. 1 990). 
Cysts occurred in 4.6% of 2 1 5  patients with benign lesions of the vocal folds 
(Painter 1 990). 
Indirect laryngoscopy is rarely sufficient for revealing a cystic process of the vocal 
folds. Stroboscopy is a pertinent examination for cysts (Monday et al. 1 983). Cysts 
in singers are almost exclusively considered to be epidermoid cysts (Comut and 
Bouchayer 1 989). 
Cysts - microscopy 
Mucous retention cysts have glandular epithelium typical of the upper respiratory pas­
sages. The wall is composed of a single layer of cuboidal cells on the - mostly thin -
basement membrane, and a superficial layer of ciliated columnar cells. The submucosa 
shows either fibrosis or edema. Optically the cavities of the cysts seem empty due 
to artefacts or because the liquid contents are spilled during the operation, but some 
appear with degenerated desquamated columnar cells or histiocytes. Most often the 
cavity is collapsed, showing a redundant invaginated epithelium. Focal metaplasia is 
present in 14%, very rarely progressing to complete keratinization (Loire et al. 1 988). 
Epidermoid cysts (which are always situated in the submucosal plane (Bouchayer 
et al. 1 985)) are cysts in the true sense of the term (Loire et al. 1988). The lin­
ing is composed of keratinizing stratified squamous epithelium. The cavity contains 
degeneration products of the - in 80% parakeratotic - epithelium. The epithelium 
is 10 to 30 cell layers thick, and rests on a normal basement membrane which lies 
independent of the basement membrane of the covering epithelium of the vocal fold. 
The submucosa is more often fibrous (70%) than edematous. Inflammatory reactions 
around the wall of the cysts are present in 40% (Bouchayer et al. 1 985). 
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Pseudocysts consist mostly of localized edema of the submucosa, which contain some 
fibrocytes. The epithelium is usually atrophic (Loire et al. I 988). A pseudocyst is not 
a true cyst because of the absence of an epithelial lining (Cornut et al. 1 984). 
Cystadenomas (or onkocytic cysts; for a review see Holm-Jensen et al. ( 1977)) have 
a lining of cells which were named "onkocytes" by Hamper! ( 1 93 1 ,  1 936). These 
epithelial cells, increasing in number with advancing age (Tremblay 1 969), are large 
and brightly eosinophilic with an abundant, finely granular cytoplasm. Hyperplasia of 
mitochondria accounts for the eosinophilic appearance of the lesion (Holm-Jensen et 
al. I 977, Fechner 1981  ). The cysts are generally found in the lamina propria, and are 
associated with seromucinous glands or their ducts (Lundgren et al. 1 982). 
Cysts - symptoms and signs 
Vocal fold cysts cause hoarseness in an early stage, when they are still quite small 
(Pereira 1 955); although they are a benign entity, they can have a dramatic im­
pact on vocal quality, with a lowered fundamental frequency as one of the minor 
problems (Bouchayer et al. 1 985). Hoarseness, huskiness, desonorizations, bitonal 
sounds, "weakness of voice" and other dysphonic characteristics affect 69% to 96% 
of the reported patients (DeSanto et al. 1 969, Monday et al. 1 98 I ,  Cornut et al. 1 984, 
Kitzing 1987). 
In 55% of the cases dysphonia started in childhood (Bouchayer et al. I 985). Ninety 
per cent of the cysts of the vocal folds are I to 5 mm in size at the moment of 
treatment (DeSanto et al. 1 969). 
Some authors stated that there is no sex preponderance (Kitzing 1 987, Kotby et 
al. 1 989). Female patients predominate, however, in the Lyon studies: approximately 
80% of epidermoid cysts appear in women (Monday et al. I 98 1 ,  Bouchayer et al. 
1 985), as well as 70% of the mucous retention cysts (Cornut and Bouchayer 1 988). 
For epidermoid cysts there is a predilection age of 20 to 40 years. There is no clear 
age peak for retention cysts, although lower age groups are almost excluded (New 
and Erich 1 938, Monday et al. I 98 I ,  Cornut and Bouchayer 1988); there may be a 
preponderance in the age group of 35 to 50 years (Bouchayer and Cornut 1 988). 
Onkocytic cysts occur most often in elderly females (Lundgren et al. 1 982, Robin­
son et al. I 990), although others have claimed there to be no sex preponderance (Kroe 
et al. 1 967). One onkocytic cyst causing airway obstruction in a 68-year-old woman 
has been described (Toubbeh et al. 1 989). 
Recommendations 
It is striking that almost no author describes the important functional aspect of closure 
of the glottis while dealing with symptoms and signs of these benign lesions of 
the vocal folds. In our opinion the posterior third of the glottis remains open in a 
considerable number of patients, including patients with vocal fold nodules (Schutte 
1 980, Schutte et al. 1 990). Concurrent observations have been described by several 
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other authors. Currently in our institution a study is taking place in which the closure 
of the glottis is investigated in a normal population. 
Great effort has been made to specify occupations at risk for developing benign 
lesions of the vocal folds. A large number of the adult patients have occupations 
in which the voice is used more than normal (teachers, kindergarten crew, singers, 
receptionists etc.), but patients can be found in all groups of the population. The 
amount of professional voice use is very difficult to estimate (Ohlsson 1988), and an 
increasing number of professions can be placed in the category of intensive voice use. 
Effort should be taken to clarify the role of vocal misuse. 
It is unfortunate that only very few authors describe morphological (macroscopical 
and microscopical) as well as functional features of benign lesions of the vocal folds. 
A genuine comparison of sometimes very detailed studies is therefore not possible. 
Each article concerning this subject should, in our opinion, contain these criteria. 
Review of the literature reveals an enormous variation in diagnostic criteria for the 
four most common benign lesions of the vocal folds, as was mentioned earlier. We 
will use the following definitions according to morphological and functional aspects 
of the lesion: 
- Polyp (Fig. 3 . 1 )  
A polyp of the true vocal fold i s  a unilateral lesion on the anterior third of the 
vocal fold, often on the free edge, sessile or pedunculated, and very mobile when 
pedunculated. A pedunculated polyp on the free edge can sometimes be heard 
popping through the glottis during initiation of a phonation. 
- Reinke edema (Fig. 3.2) 
Reinke edema is a condition with a unilateral or bilateral bleachwhite swelling of 
the vocal fold. The swelling is filled with fluid, sessile and very mobile during 
phonation. 
- Vocal fold nodules (Fig. 3.3) 
Vocal fold nodules are small lesions occurring on both sides of the larynx, strictly 
symmetrical on the border of the anterior and middle third of the true vocal folds. 
The lesions are usually immobile during phonation. They can be divided into the 
early spindle type and the more chronic, white cone-like form. 
- Cyst (Fig. 3.4, 3 .5, 3.6) 
A cyst of the true vocal fold is a unilateral lesion with a smooth surface, immobile 
during phonation, usually on the middle third of the vocal fold. Many times there 
is a yellowish fluid-like appearance. 
If, however, the nature of the swelling is such that it can not be classified according 
to these definitions, the lesion should be described with emphasis on location on 
the vocal fold (divided into three parts), uni- or bilaterality, color, mobility during 




Arnold GE. Vocal nodules and polyps: laryngeal tissue reaction to habitual hyperkinetic dys­
phonia. J Speech Hear Disord 1 962; 27: 205-21 7. 
Baarsma EA. Reinke's oedeem. Logopedie en foniatrie 1 977; 49: 2-9. 
Behrendt W. Zur morphologischen Feinstruktur des Stimmlippenkni:itchens. Archiv Ohren­
Nasen- Kehlkopfheilk 1 964; 1 84: 99-1 08. 
Benjamin B, Croxson G. Vocal nodules in children. Trans Am Laryngol Assoc 1 987; 1 08 :  
80-84. 
Bennett S, Bishop SG, Lumpkin SMM. Phonatory characteristics associated with bilateral dif­
fuse polypoid degeneration. Laryngoscope 1 987; 97: 446-450. 
Bennett S, Bishop SG, Lumpkin SMM. Phonatory characteristics following surgical treatment 
of severe polypoid degeneration. Laryngoscope 1 989; 99: 525-53 2. 
Bi:ihme G, Rosse E. Zur Haufigkeit, Altersverteilung, Therapie und Prognose von Stimmlip­
penkni:itchen. Folia phoniatr 1 969; 21 : 1 21 -1 28. 
Bouchayer M, Cornut G, Loire R, Roch JB, Witzig E, Bastian RW. Epidermoid cysts, sulci, 
and mucosal bridges of the true vocal cord: a report of 1 57 cases. Laryngoscope 1 985; 
95: 1 087-1 094. 
Bouchayer M, Cornut G. Microsurgery for benign lesions of the vocal folds. Ear Nose Throat 
J 1 988; 67: 446-466. 
Brodnitz FS, Froeschels E. Treatment of nodules of vocal cord by chewing method. Arch 
Otolaryngol 1 954; 59: 560-565. 
Brodnitz FS. Goals, results and limitations of vocal rehabilitation. Arch Otolaryngol 1 963; 77: 
1 48-1 56. 
Broek P van den. Disorders of the voice. In: Maran AGO, Stell PM, eds. Clinical Otolaryngol­
ogy. Oxford: Blackwell Scientific Publications 1 979: 41 2-423 .  
Cornut G, Bouchayer M. Apport de Ia microchirurgie laryngee dans le traitement du nodule de 
Ia corde vocale. Folia phoniatr 1 973; 24: 43 1 -43 7. 
Cornut G, Bouchayer M, Witzig E. Indications phoniatriques et resultats fonctionnels de Ia 
microchirurgie endo-laryngee chez l'enfant et l'adolescent. Bull Audiophonol 1 984; 1 7: 
473 -495. 
Cornut G, Bouchayer M. Bilan de quinze annees de collaboration entre phoniatre et phono­
chirurgien. Bull Audiophonol Ann Sc Univ Franche-Comte 1 988; 4: 7-50. 
Cornut G, Bouchayer M. Phonosurgery for singers. J of Voice 1 989; 3 :  269-276. 
Damste PH. Disorders of the voice. In: Kerr AG, gen. ed. Scott-Brown's Otolaryngology, part 
5. London: Butterworths 1 987: 1 1 9-1 43 .  
DeSanto LW, Devine KD, Weiland LH. Cysts of the larynx - classification. Laryngoscope 1 969; 
79: 1 45-1 76. 
Fechner RE. Pathologic quiz case 2: oncocytic cyst. Arch Otolaryngol 1 98 1; 1 07: 776-779. 
Fitz-Hugh GS, Smith DE, Chiong AT. Pathology of three hundred clinically benign lesions of 
the vocal cords. Laryngoscope 1 958; 68: 855-875. 
Frenzel H, Kleinsasser 0, Hort W. Licht- und elektronenmikroskopische Untersuchungen an 
Stimmlippenpolypen des Menschen. Virchows Arch A Path Anat and Histol 1 980; 3 89: 
1 89-204. 
Fritzell B, Herteglird S. A retrospective study of treatment for vocal fold edema: a preliminary 
report. In: Kirchner JA, ed. Vocal fold histopathology, a symposium. San Diego: College­
Hill Press 1 986: 57-64. 
33 
Fuchs B. Zur Pathogenese und Klinik des Reinke-Odems: Langzeitstudien. HNO 1 989; 37: 
49�95. 
Gilman RH, Karmody CS, Fried MP, Speth R. Gigantic obstructing laryngeal polypi. J Laryngol 
Otol 1 982; 96: 1 67-172. 
Hajek M. Anatomische Untersuchungen tiber das LarynxOdem. Archiv f Klin Chirurgie 1 89 1 ;  
42( 1 ): 46-93. 
Hajek M. Neue Beitrlige zur Anatomie des Stimmbandes. Z f Hals Nasen und Ohrenheilkunde 
1 925; 12 :  220-22 1 .  
Hajek M .  Beitrlige zur Anatomie der Stimmlippen. Z f Hals Nasen und Ohrenheilkunde 1 926; 
13 :  1 6 1-1 72. 
Hamper! H. Beitrlige zur normalen und pathologischen Histologie menslicher Speicheldriisen. 
Z f mikr-anat Forsch 193 1 ;  27: 1-55. 
Hamper! H. Ober das Vorkomrnen von Onkocyten in verschiedenen Organen und ihren 
Geschwiilsten (Mundspeicheldriisen, Bauchspeicheldriise, Epithelkorperchen, Hypophyse, 
Schilddriise, Eileiter.). Virchows Arch f pathol Anat 1 937; 298: 327-375. 
Harris HH. Benign lesions of the true vocal cords. Ann Otol Rhino! Laryngol 1 948; 57: 1 89-
1 96. 
Heinemann M. Stimmlippenknotchen - auch eine Definitionsfrage. Sprache - Stimme - Gehor 
1 98 1 ;  5: 27-3 1 .  
Hemprich A .  Mikrolaryngoskopie und endolaryngeale Mikrochirurgie nach Kleinsasser; Diag­
nostik, Therapie und spezielle Probleme, untersucht am Krankengut der HNO-Klinik der 
Universitlit Mainz von 1 972-1 975. Thesis, Mainz 1 978. 
Hirano M. Objective evaluation of the human voice: clinical aspects. Folia phoniatr 1 989; 4 1 :  
89-144. 
Hirano M, Yoshida T, Hirade Y, Sanada T. Improved surgical technique for epidermoid cysts 
of the vocal fold. Ann Otol Rhino! Laryngol 1 989; 98: 791-795. 
Holinger PH, Johnston KC. Benign tumors of the larynx. Ann Otol Rhino! Laryngol 1 95 1 ;  60: 
496-509. 
Holm-Jensen S, Jacobsen M, Thommesen N, Ferreira 0. Oncocytic cysts of the larynx. Acta 
Otolaryngol 1 977; 83: 366-371 .  
Hussl T. Beitrlige zur Histologie und Atiologie der sogenannten Stimmbandpolypen. Passow u 
Schaefer Beitr etc 1 920; 15 :  1 1 3-127. 
Imhofer R. Ober Slingerknotchen. Z Laryngol Rhino! 1 924; 12: 79-9 1 .  
Jackson CL. Vocal nodules. Trans A m  Laryngol Assoc 1 94 1 :  lxiii; 1 85-1 89. 
Kambic V, Radsel Z, Zargi M, Acko M. Vocal cord polyps: incidence, histology and patho­
genesis. J Laryngol Otol 1 98 1 ;  95: 609-61 8. 
Khambata AS. Laryngeal disorders in singers and other voice users. In: Ballantyne J, Groves 
J, eds. Diseases of the ear, nose and throat. London: Butterworths 1 979: 509-527. 
Kitzing P. Phoniatric aspects of microlaryngoscopy. Acta Phon Lat 1 987; 9: 3 1-41 .  
Kleinsasser 0. Mikrolaryngoskopie und endolaryngeale Mikrochirurgie. Teil II. Riickblick auf 
2500 Fiille. HNO 1 974; 22: 69-83. 
Kleinsasser 0. Pathogenesis of vocal cord polyps. Ann Otol Rhino! Laryngol 1 982; 9 1 :  378-
381 .  
Kleinsasser 0. Micro1aryngoscopic and histologic appearances of polyps, nodules, cysts, 
Reinke's edema, and granulomas of the vocal cords. In: Kirchner JA, ed. Vocal fold 
histopathology, a symposium. San Diego: College-Hill Press 1 986: 51-55. 
Kloss J, Petty C. Obstruction of endotracheal intubation by a mobile pedunculated polyp. 
Anaesthesiology 1975; 43: 380. 
34 
Kohn K. Zur Pathologie der gutartigen Stimmbandprozesse. HNO 1 959; 8: 7 1 -77. 
Kosokovic F, Cepelja J, Vecerina S, Krajina Z. Experience with Reinke's edema. Acta Oto­
laryngol 1 974; 78: 1 50-154. 
Kotby MN, Ghaly AF, B arakah MA, Abu El-Ezz AE, Bassiony SS. Pathology of voice. In: 
Singh W, ed. Proceedings of international voice symposium. Edinburgh: Miniprint 1 989: 
5-8. 
Kaufman JA, Blalock PD. Functional voice disorders. Otolaryngol Clin North Am 1 99 1 ;  24: 
1 059-1073. 
Kaufman JA, Isaacson G.  The spectrum of vocal dysfunction. Otolaryngol Clin North Am 
1 99 1 ;  24: 985-988. 
Kroe DJ, Pitcock JA, Cocke EW. Oncocytic papillary cystadenoma of the larynx: presentation 
of two cases. Arch Path 1 967: 84: 429-432. 
Lacina 0. Das Vorkommen von Stimmlippenknotchen bei den Sangern. Folia phoniatr 1 972; 
24: 345-354. 
Lancer JM, Syder D, Jones AS, Boutillier A le. The outcome of different management patterns 
for vocal cord nodules. J Laryngol Otol 1 988; 102: 423-427. 
Leden H von. Vocal nodules in children. Ear, Nose and Throat J 1 985; 64: 473-480. 
Loire R, Bouchayer M, Cornut G, Bastian RW. Pathology of benign vocal fold lesions. Ear, 
Nose and Throat J 1 988; 67: 357-362. 
Lore JM. Stripping of the vocal cords. Arch Otolaryngol 1 945; 42: 378-383. 
Lumpkin SMM, Bishop SG, Bennett S. Comparison of surgical techniques in the treatment of 
laryngeal polypoid degeneration. Ann Otol Rhinol Laryngol 1 987; 96: 254-257. 
Lundgren J, Olofsson J, Hellquist H. Oncocytic lesions of the larynx. Acta Otolaryngol 1 982; 
94: 335-344. 
Matsuo K, Kamimura M, Hirano M. Polypoid vocal folds. A ten year review of 1 9 1  patients. 
Auris. Nasus. Larynx 1983; 1 0  (suppl.): 37-45. 
Moesgaard Nielsen V, H{iljslet P-E. Topical treatment of Reinke's oedema with beclomethasone 
dipropionate (BDP) inhalation aerosol. J Laryngol Otol 1 987; 10 1 : 921-924. 
Monday LA, Cornu! G, Bouchayer M, Roch JB, Loire R. Diagnosis and treatment of intracordal 
cysts. J Otolaryngol 1 98 1 ;  1 0: 363-370. 
Monday LA, Cornut G, Bouchayer M, Roch JB. Epidermoid cysts of the vocal cords. Ann Otol 
Rhinol Laryngol 1 983; 92: 1 24-1 27. 
Mossalam I, Kotby MN, Ghaly AF, Nassar AM, Barakah MA. Histopathological aspects of 
benign vocal fold lesions associated with dysphonia. In: Kirchner JA, ed. Vocal fold 
histopathology, a symposium. San Diego: College-Hill Press 1 986: 65-80. 
Morrison MD, Rammage LA, Belisle GM, Pullan CB, Nichol H. Muscular tension dysphonia. 
J Otolaryngol 1 983; 12 :  302-306. 
Morrison MD, Nichol H, Rammage LA. Diagnostic criteria in functional dysphonia. Laryngo­
scope 1 986; 96: 1-8. 
Myerson MC. Smoker's larynx, a clinical pathological entity. Ann Otol Rhinol Laryngol 1 950; 
59: 54 1-546. 
New GB, Erich JB. Benign tumors of the larynx - a study of seven hundred and twenty-two 
cases. Arch Otolaryngol 1 938; 28: 84 1-910. 
Ohlsson AC. Voice and work environment: towards an ecology of vocal behaviour. Thesis, 
Goteborg 1 988. 
Painter C. The incidence of voice disorders. Eur Arch Otorhinolaryngol 1 990; 247: 1 97-1 98. 
Peppard RC, Bless DM, Milenkovic P. Comparison of young adult singers and nonsingers with 
vocal nodules. J of Voice 1 988; 2: 250-260. 
35 
Pereira C. Quistos do laringe. Revista Brasileira de Oto-Rino-Laringologia 1955; 23: 1 59-200. 
Prytz S. Congenital vocal nodules in hoarse children diagnosed by video-stroboscopy. In: Singh 
W, ed. Proceedings of international voice symposium. Edinburgh: Miniprint 1 989: 46. 
Redel L, Leden J van der. Kleine kwalen in de huisartsgeneeskunde; kinderen met chronische 
heesheid door stemmisbruik. Ned Tijdschr Geneeskd 1 989; 1 33 :  12 16-12 18. 
Reinke F. Untersuchungen tiber das menschliche Stimmband. Fortschr Med 1 895; 1 3 : 469-478. 
Reinke F. Ober die funktionelle Struktur der menschlichen Stimmlippe mit besonderer Bertick­
sichtigung des elastischen Gewebes. Anat Hefte 1 897; 9: 104-1 15 .  
Riess F,  Wendler J. Katamnestische Erhebungen bei Patienten mit Stimmlippenknotchen und 
-polypen. HNO-Praxis 1976; 2: 1 1 1- 1 16. 
Robinson AC, Kaberos A, Cox PM, Stearns MP. Oncocytoma of the larynx. J Laryngol Otol 
1 990; 104: 346-349. 
Rubin HJ, Lehrhoff I. Pathogenesis and treatment of vocal nodules. J Speech Hear Disord 1 962; 
27: 1 50-16 1 .  
Salinger S .  Benign tumors of the vocal cord - clinical versus histologic diagnosis. Ann Otol 
Rhino! Laryngol 1956; 65: 783-792. 
Sataloff RT. Editorial: Surgery for the voice? Clin Otolaryngol 1989; 14: 1 85-1 88. 
Savic D. Characteristiques morphologiques et histopathologiques de l'oedeme chronique des 
cordes vocales. Joum Fran� d'oto-rhino-laryngol 1 976; 25: 1 9-20. 
Schrotter L. Gutartige Neubildungen. In: Vorlesungen tiber die Krankheiten des Kehlkopfes. 
Zweite, neu durchgesehene Auftage. Wien: Braumtiller 1 893: 262-276. 
Schutte HK. The efficiency of voice production. Thesis, Groningen 1 980. 
Schutte HK, Laan T van der, Wu Ya-Zen. EMG van dorsale glottisinsufficientie tijdens fonatie 
[abstract] . Verenigingsverslag 1 7 l e  vergadering Nederlandse Vereniging voor Keel-, Neus­
en Oorheelkunde en Heelkunde van het Hoofd-Halsgebied. Ned Tijdschr Geneeskd 1 990; 
1 34: 2415. 
Sellars SL. Benign tumours of the larynx. S Afr med J 1 979; 56: 943-946. 
Shindo ML, Hanson DG. Geriatric voice and laryngeal dysfunction. Otolaryngol Clin North 
Am 1990; 23: 1 035-1044. 
Silverman E-M, Zimmer CH. Incidence of chronic hoarseness among school-age children. J 
Speech Hear Disord 1975; 40: 2 1 1-215 .  
Steinberg BM, Abramson AL, Kahn LB, Hirschfeld L ,  Freiberger I. Vocal cord polyps: bio­
chemical and histologic evaluation. Laryngoscope 1985; 95: 1 327- 1 33 1 .  
Strong MS, Vaughan CW. Vocal cord nodules and polyps - the role of surgical treatment. 
Laryngoscope 1 97 1 ;  8 1 :  9 1 1-923. 
Thomson Sir StClair, Negus VE. Nodular laryngitis. In: Diseases of the nose and throat, 4th 
ed. London: Cassell and Company 1937: 526-529. 
Tillmann B, Rudert H. Licht- und elektronenmikroskopische Untersuchungen zum Reinkeodem. 
HNO 1 982; 30: 280-284. 
Toohill RJ. The psychosomatic aspects of children with vocal nodules. Arch Otolaryngol 1 975; 
1 0 1 :  591-595. 
Toubbeh M, Kandalaft P, Wolff AP. Oncocytic cyst of the larynx. Ann Otol Rhino! Laryngol 
1 989; 98: 240. 
Tremblay G. The oncocytes. Meth Achievm exp Path 1 969; 4: 1 2 1-140. 
Wendler J. Behandlungsergebnisse bei funktioneller Dysphonie. Folia phoniatr 1 966; 1 8 :  401-
416. 
Wendler J, Seidner W. Ergebnisse operativer Behandlung von Knotchen und Polypen der 
Stimmlippen bei Erwachsenen. Folia phoniatr 197 1 ;  23: 429-439. 
36 
Wendler J, Seidner W, Fischer S. Personal communication. Berlin, German Democratic Repub­
lic, January/February 1 988. 
Werkhaven J, Ossoff RH. Surgery for benign lesions of the glottis. Otolaryngol Clin North Am 
1 99 1 ;  24: 1 179-1 1 99. 
White A, Sim DW, Maran AGD. Reinke's oedema and thyroid function. J Laryngol Oto1 1 99 1 ;  
105: 291-292. 
Withers BT. Vocal nodules. Eye Ear Nose Throat Monthly 1 96 1 ;  40: 35-38. 
Yates A, Dedo HH. Carbon dioxide laser enucleation of polypoid vocal cords. Laryngoscope 




Benign lesions of the vocal folds: inter- and intraobserver reliability in the 
assessment of clinical diagnosis 
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Consensus in clinical diagnosis of benign lesions of the vocal folds has not yet been 
reached. The clinical diagnosis is important because it primarily determines the next 
step in the treatment of laryngeal lesions. Due to the confusion of nomenclature it is 
virtually impossible to compare results of therapy for hoarseness caused by a benign 
lesion of the vocal folds. 
Usually a clinical diagnosis is made using indirect or fiber laryngoscopy. The di­
agnosis is generally supported by observation of voice quality, vocal cord mobility, 
mobility of the lesion, and sometimes (micro)stroboscopic examination. 
Although one would think that the histological diagnosis provides a support for the 
clinical diagnosis, this is often not the case, and therefore we restrict ourselves in this 
study to the clinical diagnosis. 
Research on these benign disorders has been especially directed comparing the 
results of different forms of treatment (Lumpkin et a!. 1987, Hirano et a!. 1976, 
1 989, Bouchayer and Comut 1 988, Comut and Bouchayer 1989, Lancer et a!. 1 988a, 
McFarlane 1988). Such research often takes for granted a correct clinical diagnosis 
of the disorder of which the treatment is being investigated, even to the extent of not 
mentioning this as a possible question. The value of these comparisons can also be 
questioned when there is an absence of interobserver uniformity in assessing a clinical 
diagnosis. Up to now there have also been no studies of intraobserver agreement, 
and therefore intraobserver reliability of diagnosis in benign non-neoplastic laryngeal 
lesions fails. 
This chapter deals with two main topics: interobserver agreement, and intraobserver 
agreement in clinical diagnosis of benign, non-neoplastic lesions of the true vocal 
folds. We wanted to estimate the degree of agreement between clinicians in the same 
and in different departments. 
Material 
The material is comprised of pairs of photographs (slides) of individual larynges, taken 
during phonation and breathing, using the von Stuckrad optical device (Stuckrad and 
Lakatos 1 975). The pictures were taken after local anaesthesia (lidocaine 10% spray) 
of the posterior oropharyngeal wall when necessary. 
In most cases the slides were taken on the day of admission. In a small number the 
slides were taken on the day that the admission procedure was initiated. The elapsed 
time between photography and the operation did not exceed four weeks. 
The best pair of slides of a patient was selected when the patient's file was complete, 
i.e. a description of the larynx at the following moments: during the first out-patient 
visit; on admission to our ENT clinic; during the consequent microlaryngoscopic op­
eration; and on the letter to the pathologist. The pathologist was asked to confirm the 
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Table 4.1 Part of the multiple choice questionnaire used in this study, with the column numbering as used 













thickening, not fitting 
to column I ,  2 or 3 
col. 6 
bilateral swelling/ 
thickening, not fitting 




clinical impression that the removed tissue was benign. Slides of 45 patients fulfilled 
these inclusion criteria. 
The respondents consisted of clinical staff and residents of ENT departments of two 
University Hospitals:  University Hospital Groningen, the Netherlands, and Bereich 
Medizin, Charite, Berlin, Germany (former GDR). The clinical staff and residents of 
the Groningen ENT department consisted of 1 8  doctors: 9 specialists (one of them 
a phoniatrician) and 9 residents. The clinical staff and residents of the Berlin ENT 
department consisted of 20 doctors: 16 specialists (three of them phoniatricians) and 
4 residents. 
Assuming that intraobserver consistency in diagnosis would increase with the degree 
of expertise, we selected five observers whose professional expertise had been well 
established, rather than relying on younger otolaryngologists whose judgement ability 
might be in the earlier stages of development. This would probably give us the best 
chance of finding a consistent diagnosis. Thus a professor of otorhinolaryngology 
and a professor in phoniatrics in one department (University Hospital Groningen, 
the Netherlands) were shown the same slides with exactly the same information as 
previously, four years after the first presentation. Three senior phoniatricians in the 
German department, one of them professor in phoniatrics, were also presented with 
the same slides a second time. In their case the interval was nearly two years. 
Method 
For interobserver agreement the pairs of slides showing 45 individual larynges during 
phonation and during breathing were shown to the clinical staff and residents of 
both ENT departments. The respondents anonymously marked their clinical position 
(staff, phoniatrician or resident). In addition to the information on the multiple choice 
questionnaire (table 4. 1 ), the respondents were told the sex and age of the patient. 
The first column of the questionnaire was to be marked when the pair of slides 
showed a lesion which the respondent thought to be a cyst, the second column for 
Reinke edema, the third for a polyp and the fourth column for vocal fold nodules. The 
fifth column had to be marked when the respondent thought the lesion was unilateral 
but did not fit the first four columns: it should not be a cyst, Reinke edema or a 
polyp. If, however, the respondent thought the lesion was bilateral and did not fit the 
previous columns, the sixth column had to be marked. The respondents were asked 
to use column five or six only in those cases in which they would have described the 
aspect of the lesion in their patient' s  file rather than giving it a definite name. Thus 
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Table 4.2 Group results on number of marked columns for one patient. 
Number of marked columns 
2 � 3 � 4 
Groningcn (n= IS)  
specialists (n=9) 2 I I  32 23 
residents (n=9) I 1 5  29 1 5  
Berlin (n=20) 
specialists (n=l 3) I 7 37 2 1  
phoniatricians (n=3) 16 18  I I  
residents (n=4) 2 27 16 5 
for the patients whose questionnaire was marked in column five or six no clinical 
diagnosis would be possible. The last column had to be marked in those cases in 
which a clinical diagnosis could be made, but this diagnosis was not included in 
columns one to four. This diagnosis, however, had to be recorded by the respondent, 
e.g. "hemangioma" or "intubation-granuloma". 
To assess intraobserver agreement, the five most experienced specialists were pre­
sented with the identical task a second time following a long time span. Using the 
scores we calculated interobserver and intraobserver reliability in routine diagnoses 
of benign lesions of the vocal folds. 
For the evaluation of agreement we used methods for analysing 2 x 2 tables, 
including chi-square, likelihood ratio (LR-)test, Fisher's exact test, McNemar' s test, 
Friedman' s  test and Cohen's kappa calculation. Cohen's kappa is a statistic method 
which takes chance into account (Sackett et a!. 1 988). Like a correlation coefficient, it 
varies from - 1  (complete disagreement) through 0 (chance agreement) to + 1  (perfect 
agreement). It can be tested for statistical significance. For comparing the agreement 
between pairs of experts a separate test was designed. 
Results of interobserver agreement 
The results concerning interobserver agreement are presented firstly for Groningen, 
secondly for Berlin, and finally for the two departments combined. The results within 
Groningen will be separated into the groups staff and residents. The results within 
Berlin will be separated into three groups: ENT specialists, phoniatricians and residents. 
Results of the Groningen ENT department 
The group of specialists twice marked the same column (i.e. agreed completely), but 
marked three or more columns in 32 cases (table 4.2). The group of residents were 
in total agreement on a clinical diagnosis once, but in 29 cases marks were given in 
three or more columns for one single patient (table 4.2). 
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Table 4.3 Clinical diagnosis made by at least 75% of the clinicians. 
times mean % 
Groningen (n= 18)  Reinke edema 4 83 
polyp 3 86 
vocal fold nodules 2 9 1  
Berlin (n=20) Reinke edema I 84 
polyp 4 84 
vocal fold nodules 2 85 
unilateral swelling I 75 
bilateral swelling I 80 
Groningen + Berlin (n=38) Reinke edema I 84 
polyp 2 86 
vocal fold nodules 2 88 
In nine cases at least 75% of the respondents (specialists and residents) made the 
same clinical diagnosis (table 4.3). 
In not one case was there uniformity between specialists and residents concerning 
the clinical diagnosis. 
Results of the Berlin ENT department 
A clear diversity existed between the diagnoses made by the three groups. The general 
ENT specialists voted unanimously once but 37 times marks were given in three or 
more columns for a single patient. The phoniatricians made the same diagnosis in 
16 patients, but the three phoniatricians all differed from each other in 1 1  cases. The 
residents agreed twice, but 1 6  times they made three or four different diagnoses (table 
4.2). 
In nine cases at least 75% of the respondents (specialists including phoniatricians, 
and residents) made the same clinical diagnosis (table 4.3). 
In not one case was there uniformity between the three responding groups concern­
ing the clinical diagnosis. 
Results of the Groningen and Berlin ENT departmellts combined 
The responses of a total of 38 doctors (2 1 ENT specialists, 4 phoniatricians and 1 3  
ENT residents) were as follows (table 4.3). 
In five patients at least 75% of the respondents made the same clinical diagnosis. 
Once this diagnosis was Reinke edema, twice polyp, and twice vocal fold nodules. 
The mean conformity on the questionnaire in these diagnoses was 84, 86 and 88% 
respectively. 
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Results of intraobserver agreement 
Presentation of the results 
Comparing the results of expert 1 at the first presentation with his scores at the second 
presentation led to the intraobserver kappa. This is presented in table 4.5. 
Comparing the results of expert 1 at the first presentation with those of expert 2 at 
the first presentation led to the pairwise interobserver kappa, pair 1 and 2, first round 
(table 4.6). 
Comparing the results of expert 1 at the second presentation with the scores of 
expert 2 at the second presentation gave us the pairwise interobserver kappa, pair 1 
and 2, second round (table 4.7). 
No attempt has been made to present a table with the actual diagnoses, because of 
the interobserver variations. 
lntraobserver agreement 
The total number of slides which were scored consistently are shown in table 4.4. 
Consistency of diagnosis was not (primarily) dependent on the lesion shown in the 
slide-pair: there was no evidence, for example, that Reinke edema is more easily 
diagnosed than e.g. polyp. Among our experts consistency of diagnosis varied between 
56 and 80%; however, the differences among them were not statistically significant. 
We can thus summarize these results by pooling data of all five experts together: 
in 67% of the cases the judges were consistent. This percentage is not corrected 
for agreement by chance. The kappa's are shown in table 4.5. The mean kappa for 
intraobserver agreement is 0.59, the standard deviation is 0. 1 5. 
Agreement between experts per round 
Tables 4.6 and 4.7 describe interobserver agreement per round. Kappa's and (between 
parentheses) their standard errors are presented. 
Because of the large number of comparisons the differences were considered to be 
significant for p < 0.05, which yielded no statistically significant differences in the 
first round. 
In the second round expert pairs 1 and 4, 1 and 5, and 4 and 5 agreed significantly 
more often with each other (kappa 0.49, 0.60 and 0.63) than with expert 2 (pairs 1 
and 2, 2 and 4, and 2 and 5: kappa 0.26, 0.22 and 0.28). Comparison of kappa' s  in 
the first round with those in the second round suggests an improvement of agreement 
during the course of time. This improvement is statistically significant (p < 0.05) for 
pair 4 and 5 .  The p-value is worse than 5% for pairs 1 and 3, I and 5, 2 and 3 .  
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Table 4.4 lntraobserver consistency in scoring 45 pairs of photographic slides. 
Observer 2 3 4 
n consistent 30 25 25 36 
% consistent 67 56 56 80 
Table 4.5 Intraobserver kappa· s and their standard errors. 
Observer 2 3 
Kappa 0.59 0.44 0.45 
Standard error 0.08 0.09 0.09 
Table 4.6 Pairwise interobserver kappa's  and their standard errors, first round. 
Observer 2 3 4 
I 0.2 1 (0.08) 0. 1 9  (0.08) 0.36 (0.08) 
2 0.30 (0.08) 0. 1 8  (0.07) 
3 0. 1 5  (0.08) 
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Table 4.7 Pairwise interobserver kappa's and their standard errors, second round. 
Observer 2 3 
I 0.26 (0.09) 0.39 (0.08) 
2 0.48 (0.09) 
3 
4 




0.3 1 (0.08) 
5 total 















While it may seem logical to make an "overall-diagnosis" for each expert and then to 
compare these diagnoses for interobserver agreement, the instances of intraobserver 
inconsistency make the "overall-diagnosis" uncertain. Introducing a separate category 
"inconsistent" only confuses the interpretation of the kappa's. For example, the in­
consistency of expert 1 on slide-pair 1, having been called cyst in the first, and polyp 
in the second round, would be considered an identical inconsistency as a second ex­
pert's inconsistency on slide-pair I ,  who first called it vocal nodules, and at the second 
presentation cyst. 
Furthermore, the diagnosis cannot be compared with some "objectively correct" 
diagnosis, since present practice has established contradictory histological criteria 





We evaluated the clinical diagnosis of benign lesions of the vocal folds by means of 
showing pairs of slides (phonation and breathing) to two groups of well-trained and 
qualified ENT specialists and phoniatricians, using a multiple choice questionnaire. 
The quality of the slides was considered to be excellent. However, the limitations of 
the method used, showing slides of larynges with lesions, can not be neglected, as the 
clinical diagnosis is usually also built on observation of vocal fold mobility and voice 
quality. An informal pilot study, which was done in advance of the experiment, sup­
ported the assumption that the clinical pictures differed sufficiently from one another 
to make the diagnosis on the basis of the pictures alone. Though the experts realized 
that a diagnosis was made more easily when observation of motion and voice was 
present, the presence of these qualities did not seem to be essential in their opinion. 
Apart from that, the experts who were tested on intraobserver agreement realized that 
the limitations were identical in both sessions, and therefore their diagnosis should 
not change in a second round. 
Interobserver agreement 
Strikingly, in not one patient was there total agreement on the clinical diagnosis. A 
consensus of at least 75% occurred in only 5 out of 45 pairs of slides: once for Reinke 
edema, twice for polyps and twice for vocal fold nodules. The greatest consensus was 
achieved in patients with vocal fold nodules: 88% in two patients. 
The most interesting cases are the patients for whom agreement, which is here de­
fined as at least 75% of the respondents marking the same column, existed in one ENT 
department, but for whom the other ENT department made a different diagnosis. This 
occurred with eight patients: - 1  the four times that the Groningen clinicians agreed 
on Reinke edema, Berlin agreed once; the agreement percentages of the other three 
patients were 52, 50 and 60, every time with a large group (2 1 ,  30 and 40% respec­
tively) marking bilateral swelling; -2 the three times that the Groningen clinicians 
agreed on polyp, Berlin agreed twice; in the third case 55% marked polyp with 20% 
marking unilateral swelling and 20% marking cyst; -3 the four times that the Berlin 
clinicians agreed on polyp, Groningen agreed twice; in both other cases Groningen 
had 62 and 63% marking polyp with 3 1  and 16% respectively marking cyst; -4 when 
Berlin showed 75% consensus for unilateral swelling (with 1 5 %  for Reinke edema), 
Groningen marked unilateral swelling in 53, cyst in 26 and Reinke edema in 1 6%; 
-5 the case in which Berlin (80%) agreed on bilateral swelling (with 1 0% Reinke 
edema), Groningen scored Reinke edema in 42, unilateral swelling in 26, and vocal 
fold nodules (suggesting a bilateral deviation) and cyst in 1 1 % respectively. 
The outcome suggests there is a good agreement on the clinical picture of vocal 
fold nodules: 88% consensus on the two patients having these lesions. However, in 
six pairs of slides this column was marked more than 25%, which means that more 
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than every fourth ENT specialist thought a lesion to be vocal fold nodules when this 
was clearly not the case. 
Intraobserver agreement 
The mean intraobserver kappa (a score of observed agreement not accounted for by 
chance, divided by possible agreement not accounted for by chance) was calculated to 
be 0.59. However, there was some difference between the two ENT departments: ex­
perts 1 ,  4 and 5 were from Berlin, experts 2 and 3 from Groningen. This circumstance 
seems to increase the "intraclinic" agreement, but there is no statistically significant 
difference between the Berlin and Groningen scores. 
Several reasons can be put forward to explain the above-mentioned diversity, for 
instance the absence of moving pictures or the absence of the voice. Due to the 
fact that an in vivo study cannot be organised since an individual patient cannot be 
examined by a cohort of many ENT specialists, we chose the method of showing 
photographs. In this way all the respondents had the same handicap of absence of 
motion and sound. In many cases, however, the presentation of two pictures of the 
same larynx partly reduced this problem. Video recordings were, at the time of the 
investigation, not available for technical reasons. 
Apart from dynamic factors it is reasonable to think that confusion may also be 
attributed to definitions that are given to a particular lesion (Jackson 1941 ,  New 
and Erich 1 938, Heinemann 198 1 ,  Benjamin 198 1 ,  Kleinsasser 1986, Wendler and 
Seidner 1 987, Lancer et al. 1 988b). Moreover, in many cases no clinical definition of 
a particular lesion is given at all (Hirano and Kurita 1986, Frenzel 1986, Mossalam et 
al. 1986, Vettorato 1 958, Steinberg et al. 1 985) and sometimes different pathological 
entities are classified under the same name (Lacina 1972). 
A discussion with our Berlin colleagues, in order to try to identify causes for the 
differences between the two departments, revealed two major differences. In the first 
place, a lesion which - from the Groningen viewpoint - is clearly unilateral with a 
tiny contact spot on the contralateral vocal fold, would be called a bilateral swelling 
or thickening in Berlin. A second major difference exists in the fact that the Berlin 
clinicians used a clinical diagnosis which in Groningen is never used: marginal edema. 
In such a vocal fold a thin, fluid-filled swelling exists over the full length of the fold. 
This condition might be a stage 1 Reinke edema (Savic 1976). The results of the 
questionnaire were not influenced by this second major difference, as the condition 
can be unilateral or bilateral. 
If there were no therapeutical consequences to the inter- and intraobserver dis­
agreement, it would not lead to problems in practice. Yet the generally accepted 
optimal treatment modalities for these diagnoses do seriously differ. Cysts are prefer­
ably excised via a cordotomy (personal communication with Bouchayer and Cornut, 
Lyon, France, 1 990; Bouchayer et al. 1985, Bouchayer and Cornut 1 988, Cornut and 
Bouchayer 1 988, 1 989, Hirano et al. 1989), polyps are cut away from their base, 
Reinke edema is sucked out (Hirano et al. 1 976, Lumpkin et al. 1987) and vocal 
nodules are first treated with speech therapy (Lancer et a!. 1 988a, McFarlane 1 988). 
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Studies which attempt to establish an optimal treatment for a given lesion by compar­
ing two or three different therapeutical approaches are, in the light of our statistical 
results, constructed on shaky ground, because the intraobserver agreement in our group 
of very experienced observers is rather low. 
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Suspension microlaryngoscopic surgery and indirect microlaryngostroboscopic 
surgery for benign lesions of the vocal folds 
Dikkers FG, Suiter AM. Suspension microlaryngoscopic surgery and indirect microlaryngo­
stroboscopic surgery for benign lesions of the vocal folds. 1 Laryngol Otol: accepted for 
publication. 
5 1  

Introduction 
Since the early 1 860s, when as well Lewin, von Bruns as Walker may have per­
formed the first endolaryngeal phonosurgical operation (Weir 1 990), laryngologists 
have looked for refined methods for surgical correction of organic dysphonias. 
Organic dysphonias due to benign lesions of the vocal folds are caused by either a 
disturbance of the vocal fold mucosal vibratory wave pattern or a secondary incom­
plete glottis closure, or a combination of these two factors. The objective of surgical 
intervention is to achieve an improvement in voice function, rather than to make the 
edge of the vocal fold as straight as possible. Therefore factors that interfere with 
a normal vibratory mucosal wave pattern should be eliminated, and glottis closure 
should be improved. 
Suspension microlaryngoscopic surgery, introduced by Scalco et a!. ( 1 960) and 
popularized by Kleinsasser ( 1 974a,b), is generally accepted as the treatment of choice 
for such lesions. However, in the Charite Hospital, Berlin, Germany, indirect micro­
laryngostroboscopic surgery under topical anaesthesia became the therapy of choice 
for most of these lesions (Seidner et a!. 1 972), with good results. 
Since 1 986, indirect microlaryngostroboscopic surgery under topical anaesthesia 
has been performed in our department as a standard outpatient procedure for 30-
50% of the patients requiring vocal fold surgery (Mahieu and Dikkers 1 992). Indirect 
microlaryngostroboscopic surgery under topical anaesthesia has several advantages: 
during surgery functional monitoring is possible; during surgery the larynx is in a 
physiological position; and it is an outpatient procedure. Limitations are: submucosal 
cysts and Reinke edema are considered less suitable for this technique as it allows only 
single-handed instrumentation; the technique is not easy to master; and cooperation 
of the patient is required. 
A prospective study was designed to compare the results of indirect microlaryngo­
stroboscopic surgery under topical anaesthesia with the results of suspension micro­
laryngoscopic surgery under general anaesthesia. 
Subjects and methods 
All patients referred to our department because of dysphonia due to a macroscopically 
benign lesion of the vocal folds who were considered to be suited for either treatment 
entered the study (Fig. 5 . 1 ,  5.2). 
Exclusion criteria were: 
The type and extent of t�e swelling. Submucosal swellings, Reinke edema, swell­
ings with a wide pedicle and very large swellings were considered less suitable for 






Polyp right true vocal fold (arrow), appropriate for indirect microlaryngostroboscopic 
surgery and suspension microlaryngoscopy. 
Vocal fold nodules (arrows), appropriate for indirect microlaryngostroboscopic surgery 
and suspension microlaryngoscopy. 
Figure 5.3 Bilateral Reinke edema (arrows), excluded from the study, because of inappropriateness 
for indirect microlaryngostroboscopic surgery. 
2 Anatomical relationships. Protruding teeth, lingual tonsils, short mandible and 
impaired cervical mobility may interfere with a suspension microlaryngoscopy, 
but do not restrict indirect microlaryngostroboscopic surgery. The form and size 
of the epiglottis do not generally interfere with indirect microlaryngostroboscopic 
surgery. 
The mode of operation, namely, either microlaryngoscopic surgery with the suspen­
sion technique under general anaesthesia and insufflation, or indirect microlaryngo­
stroboscopic surgery under topical anaesthesia with spontaneous breathing, was chosen 
by the patient. Randomisation of the trial was obtained by the patient' s preference. 
The following data were recorded: age at operation, sex, profession, relevant laryn­
geal history, smoking habits, site, side and size of the lesion, and standardized clinical 
diagnosis (Dikkers and Schutte 1 99 1  ) . 
Laryngeal videostroboscopy was performed preoperatively, two weeks and three 
months after the operation, using a 90° von Stuckrad telescope (Stuckrad and Lakatos 
1 975) connected to a stroboscope (Bruel & Kjrer type 49 14). Criteria as formulated by 
Kitzing ( 1 985) were used for interpretation. Laryngostroboscopic examination formed 
the basis for surgical treatment of the dysphonia. 
Phonetograms were made before and three months after the operation. They were 
registered according to the standards recommended by the Union of European Phoni­
atricians (Schutte and Seidner 1 983). Several parameters from the phonetograms were 
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selected for analysis: maximal vocal intensity (MAXIN), maximal dynamic intensity 
range (MAXDYN), dynamic intensity range at habitual speaking pitch (DYNRAN), and 
melodic pitch range (OCTAAF). In addition to these data, the maximal phonation time 
of the vowel /a/ (ALANG) was recorded. 
Suspension microlaryngoscopic surgery 
Suspension microlaryngoscopic surgery takes place under general anaesthesia and 
artificial ventilation. A Portmann or Bouchayer laryngoscope is used. A postoperative 
period of 2V: days of voice rest is prescribed. One day after the operation the patient 
is allowed to leave the clinic. 
Indirect microlaryngostroboscopic surgery 
Indirect microlaryngostroboscopic surgery takes place under topical anaesthesia. The 
patient remains seated during the procedure. Practical details of the procedure have 
been described elsewhere (Mahieu and Dikkers 1 992). 
A postoperative period of 2V: days of voice rest is prescribed. About an hour after 
the operation the patient leaves the hospital. 
Statistical analysis 
Patient characteristics were compared using a chi square test and analysis of variance 
(ANOVA). Voice parameters were analyzed using t-tests for related measures (Shearer 
1 982), with as null hypothesis: no difference between either surgical method. 
Results 
Twenty seven patients entered the study. In 1 2  patients the lesion was operated under 
topical anaesthesia, and guided by microstroboscopic monitoring. Fifteen patients 
underwent suspension microlaryngoscopy under general anaesthesia. 
Only those patients who were suitable for both procedures, indirect micro­
laryngostroboscopic surgery as well as suspension microlaryngoscopic surgery, were 
included in this study. The mode of operation was chosen by the patient. In this way, 
no bias occurred concerning size or site of the lesion (chi square, p > 0.4). 
Each of the subgroups was reduced by three patients because of insufficient data, 
leaving 1 2  in the SMS (Suspension Microlaryngoscopic Surgery) and 9 in the IMS 
(Indirect Microlaryngostroboscopic Surgery) groups, respectively. Of each group two 
patients considered their subjective positive result too good to return to our outpatient 
clinic. One patient moved abroad, and the sixth patient did not return without further 
specification. 
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Table 5.2 Pre- and postoperative voice parameters in suspension microlaryngoscopic surgery patients 
(SMS-group) and indirect microlaryngoscopic surgery patients (IMS-group). See text for ab­
breviations. 
Voice parameter SMS-group (n=l 2) IMS-group (n=9) All patients (n=2 1 )  
(mean) 
preop. postop. preop. postop. preop. postop. 
MAXIN (dB) 9 1 .9 100.0* 93.6 100.2* 92.6 100. 1 ** 
(s.d.) 1 1 .4 6.2 9. 1 6.6 10.3 6.2 
MAXDYN (dB) 29.2 36.2** 30.0 38.7* 29.5 37.2** 
(s.d.) 1 0.2 6.4 6. 1 7.6 8.5 6.9 
DYNRAN (dB) 2 1 .7 27.8* 24.9 32.8** 23.0 29.9** 
(s.d.) 1 0.0 5.2 9.3 6.6 9.6 6.2 
OCTAAF (semitones) 27.8 32. 1 * *  28.9 33.4* 28.3 32.7** 
(s.d.) 8.0 7.5 5.4 4.2 6.9 6.2 
ALANG (seconds) 1 1 .2 22.3 10.6 1 2.7 10.9 1 8.2 
(s.d.) 8.8 25.9 2.7 6.3 6.7 20.2 
. improvement statistically significant p < 0.05, t-test 
improvement statistically significant p < 0.0 1 ,  t-test 
Patient characteristics are given in table 5 . 1 .  Sex and age of the patients were not 
correlated to the type of surgery (chi square and ANOVA-test respectively). 
The mean voice results and levels of significance are presented in table 5 .2. Both 
groups demonstrated a statistically significant improvement for the maximum inten­
sity, maximum dynamic intensity range, dynamic intensity range at habitual speaking 
pitch, and melodic pitch range. The improvement of the maximal phonation time of 
the vowel /a/ was not statistically significant for both groups. 
Discussion 
The goal of vocal rehabilitation or surgical treatment of a benign lesion of the vocal 
folds is the restoration of the usable and, when possible, normal voice for all conditions 
that impair or prevent vocal function. Therapy thus aims at restoration of a voice that 
is well produced, resilient under prolonged use, and can satisfactorily serve as an 
instrument for communication and for professional or artistic use. 
The voice results three months after both suspension microlaryngoscopic surgery 
and indirect microlaryngostroboscopic surgery are very good. These results are com­
parable to the results of an earlier, short term study analyzing a group of 3 1  patients 
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(27 females, 4 males, mean age 29.7 years, range 1 6-74 years, no patient overlapping 
with the current series) (Mahieu and Dikkers 1 992). 
The dynamic intensity range of the habitual speaking pitch should be considered 
to be of special clinical interest, since this voice parameter displays the potential of 
the voice in the situation in which it is mostly used, i.e. while speaking (Brodnitz 
1 963). The mean improvement in this voice parameter was 6.9 dB for all patients 
(statistically significant p < 0.01 ), 6 . 1  dB for the SMS-group (statistically significant p 
< 0.05) and 7.9 dB for the IMS-group (statistically significant p < 0.0 1). The difference 
in improvement between the two groups is statistically non-significant (p > 0.5). 
Results of voice surgery are assessed by evaluation of the output of the voice 
source. A well-defined method to quantify voice potentialities is the phonetogram 
(Damste 1 970), in which an individual' s  maximum and minimum loudness along the 
entire frequency range is registered. Because voice production in normal conversation 
is limited to a part of the frequency range, we had special interest in the dynamic 
aspects of voice use at a specific frequency: the dynamic intensity range at the habitual 
speaking pitch. This investigation shows specific improvement of this value. 
In addition to objective parameters it would have been possible to include subjective 
voice assessments, e.g. in the form of a perceptive judgment by trained listeners 
(lsshiki and Takeuchi 1970). Because of the subjective character of this approach it 
was avoided in this study. 
Comparing postoperative voice results between two methods should also include 
a critical analysis of the possibility of obtaining an inferior result with one of the 
methods. Though inferior results using the IMS-technique are not likely to happen, 
because of peroperative interaction with the patient, the probability of encountering 
this situation can be described with the power of the t-test used in comparing group 
results (Welkowitz et a! . 1 982). Considering a postoperative difference of 5 dB as 
statistically significant (Gramming et al. 199 1 )  with a standard deviation of 8 dB 
for the loudness parameters, and a harmonic group size of 10.3, a power of about 
0.5 is obtained. This means that the possibility of obtaining a significant result for 
the DYNRAN-value - i. e. a worse postoperative result for dynamic intensity range at 
habitual speaking pitch using IMS in comparison with SMS - is 0.5. To assess a high 
power level of 0.8 in this study a group size of 30 should have been created. 
However, the IMS-technique offers a number of important advantages over the con­
ventional SMS-technique. Firstly, there is functional control during surgery. Secondly, 
there is improvement in estimation of the extent of the lesion on the vocal fold and 
its influence on phonation. Thirdly, during indirect microlaryngostroboscopic surgery 
the larynx is in a physiologically normal position, in contrast to its position during 
suspension micro laryngoscopy. 
A limitation to indirect microlaryngostroboscopic surgery is that only single-handed 
instrumentation is possible. Reinke edema and submucosal swellings are therefore less 
suited for this technique, as these lesions are located in the submucosa. The size of 
a swelling rarely prevents indirect microlaryngeal surgery. For vocal fold nodules, 
small polyps and pseudocysts indirect microlaryngostroboscopic surgery can be a 
very elegant treatment. 
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Either surgical procedure improves voice characteristics. In indirect microlaryngo­
stroboscopic surgery general anaesthesia is not necessary. The intervention method is 
quick and is performed as an outpatient procedure. Voice results can been acquired 
immediately in an interactive way. Therefore, despite the fact that the statistical power 
of the comparison is suboptimal, the indirect microlaryngostroboscopic surgical tech­
nique is an asset in the treatment of organic dysphonia. The conclusion of the authors 
is that various superficially located benign lesions of the vocal folds can be treated with 
a very good functional result using this technique. An optimally trained phonosurgeon 
should have both the direct and indirect phonosurgical technique at his disposal and 
should be able to choose the optimal treatment modality for the individual patient. 
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Benign lesions of the vocal folds - histopathology and phonotrauma 
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Introduction 
Benign lesions of the vocal fold have many macroscopic appearances. A low inter­
observer uniformity in the assessment during clinical diagnosis does exist (Dikkers 
and Schutte 1 99 1  ). lntraobserver uniformity is also lower than would be expected 
(Dikkers 1 99 1  ) . 
There is considerable doubt as to whether histopathological examination might pro­
vide the gold standard for diagnosing benign lesions of the vocal folds (Lehmann et 
al. 1 989). Despite the fact that a lot of histopathological research has been done (Loire 
et al. 1 988), data on the relation between benign non-neoplastic lesions of the vocal 
folds that meet well-defined clinical criteria and their histopathological characteris­
tics have not been published to this date. In this single-blinded study 92 clinically 
consistently-defined lesions were reviewed by a pathologist using light microscopy 
and the results were compared to the clinical diagnosis. 
In addition transmission electron microscopy was performed on nine cases with the 
three most common clinical diagnoses: polyp, Reinke edema and vocal fold nodules. 
A possible relation between histopathological and clinical findings with regard to 
the pathogenesis is discussed. 
Material and methods 
To enter the study, the cases were required to meet several criteria. Patients had to 
be operated on benign non-neoplastic vocal fold lesions causing hoarseness, in the 
Department of Otorhinolaryngology of the University Hospital Groningen, the Nether­
lands. Histologically dysplastic and malignant lesions were excluded. Photographic 
slides of the larynx, taken preoperatively during phonation and breathing, had to be 
available. Seventy four patients (29 male, 45 female, range 1 5  to 7 1  years) were 
included. The lesions of 92 vocal folds were operated microsurgically. 
Clinical diagnosis 
All patients had their clinical diagnoses reviewed and verified by an experienced 
laryngologist, who evaluated them on the basis of the description in the patient's 
file and the appearance of the lesions on photographic slides. Macroscopic criteria 
as defined previously (Dikkers and Schutte 1 99 1 ,  Monday et al. 1 98 1 ,  Comut and 
Bouchayer 1 988) were used. These definitions were as follows: 
- Polyp: a lesion on the anterior third of the vocal fold, often on the free edge, 
sessile or pedunculated, and very mobile when pedunculated; 
- Reinke edema: a unilateral or bilateral bleachwhite swelling of the vocal fold, 
filled with fluid, sessile and very mobile during phonation; 
- Vocal fold nodules: small lesions occurring on both sides of the larynx, strictly 
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Table 6.1 Clinical diagnosis of 92 vocal folds (74 patients) with benign vocal fold lesions. 
Number of vocal folds 
(patients) 
30 (26) 
16 ( 1 0) 
I I  ( 9) 
10 ( 1 0) 
9 ( 5) 
4 ( 4) 
3 ( 2) 
2 ( 2) 
2 ( 2) 
I ( I ) 
I ( I ) 
I ( I )  
I ( I )  
Clinical diagnosis 
Polyp (one of these patients had a contralateral Jackson's ulcer) 
Reinke edema 
Vocal fold nodules 
Unilateral broadbased swelling 




Jackson' s  ulcer (one of these patients had a contralateral polyp) 
Sulcus glottidis 
Unilateral swelling dorsal part vocal fold 
Unilateral small swelling 
Bilateral subepithelial swelling 
symmetrical on the border of the anterior and middle third of the vocal folds, 
usually immobile during phonation; 
- Cyst: a unilateral undulation with a smooth surface, immobile during phonation, 
usually on the middle third of the vocal fold. 
- Pseudocyst: a swelling resembling a retention cyst, usually located on the junction 
of the anterior and middle third of the true vocal fold, of which the macroscopic 
wall is quite thin and translucent; 
- Jackson' s  ulcer (contact ulcer): a lobulated red swelling on the vocal process of 
an arytenoid, with a contralateral saucer-like notch. 
If, however, the nature of the swelling was such that it could not be classified according 
to these definitions, it was described in terms of the location on the vocal fold (divided 
into three parts), plus whether it was uni- or bilateral, plus the color, and its mobility 
during phonation. In addition the size of its attachment to the fold was included in the 
description. This led to descriptions such as unilateral broadbased swelling, bilateral 
broadbased swelling etc. The clinical diagnoses are listed in table 6. 1 .  
Light microscopy 
Excised tissue was fixed in formaldehyde 4%, and 5 J.Lm paraffin sections were 
stained with hematoxylin/eosin or Giemsa. The sections were examined using light 
microscopy by a pathologist with special interest in head and neck pathology and 
were scored on various parameters in the epithelium (hyper- and/or parakeratosis), 
basement membrane and submucosa (edema, edematous lakes, fibrin, fibrin organiza­
tion, iron pigment, haemorrhage, vessel proliferation, presence of cysts, inflammation, 
mast cells and small vessel morphology). The pathologist was not informed about the 
clinical data. Scoring lists were afterwards compared with the clinical diagnoses. 
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Immunohistochemistry 
Biopsies of sixty patients (76 vocal fold sections) with the six most frequent clinical 
diagnoses that underwent light microscopy were additionally stained with the lectin 
Ulex Europaeus and with antibodies against factor VIII antigen. Ulex Europaeus is a 
plant protein which binds non-immunologically to (amongst others) normal endothe­
lium (Enzinger and Weiss 1 988). Factor VIII antigen can be demonstrated in normal 
endothelium and endocardium, and in most benign vascular tumors (Enzinger and 
Weiss 1 988). The sections were examined by the same pathologist and scored for 
submucosal pathology with special attention for the lining of edematous lakes and 
vessel morphology (table 6.2). However, some sections contained too small amounts 
of submucosal tissue to be stained. For this reason, in the last 2 columns in table 6.2, 
the number of immunohistochemically stained and examined specimens of polyps, 
Reinke edema, vocal fold nodules and unilateral broadbased swellings is slightly 
smaller. 
Transmission electron microscopy 
Biopsies of the three most common clinical entities were ultrastructurally studied. 
Excised tissue of three cases with polyps, three cases with Reinke edema and three 
cases with vocal fold nodules was immediately fixed in 2% glutaraldehyde in 0 . 1  
M phosphate buffer, pH 7 .4. After rinsing in 6 .8% saccharose in  0. 1 M phosphate 
buffer, the samples were postfixed in 1 %  Os04 in 0. 1 M phosphate buffer, pH 7 .4. 
Subsequently the samples were dehydrated in an alcohol series and embedded in 
Epon 8 1 2. After staining in 10% uranyl acetate in methanol, ultrathin sections were 
examined in a Philips 201 transmission electron microscope (60 kV). Special attention 
was paid to vessel morphology. 
Results 
The results of conventional light microscopy are summarized in table 6.2 for the six 
quantitatively most important groups. Sixty patients provided the seventy six examined 
biopsies presented in this table. The number of data obtained with immunohisto­
chemistry was explained above. 
Epithelial hyper- or parakeratosis, epithelial basement membrane thickening and 
edema was present in 30 to 1 00% of the listed categories of lesions, and had no 
discriminative value as isolated histological condition. 
In approximately three-quarters of the biopsies of polyps, Reinke edema and broad­
based swellings edematous lakes were found (Fig. 6. 1 ). The lining of these lakes was 
negative when stained with the lectin Ulex Europaeus and with antibodies against fac­
tor VIII antigen. Edematous lakes were absent in pseudocysts and Jackson's ulcers. 
The combination of the presence of fibrin, iron pigment in macrophages and signs of 
recent haemorrhage appeared almost exclusively in polyps (Fig. 6.2). Fibrin was found 
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Table 6.2 Main histopathological features in the clinically most important diagnoses. Column I gives the 
number of vocal fold sections examined, columns 2 to 9 number and percentage of vocal fold 
sections that are affected. 
Thick Edema- Fibrin Signs of Iron InHamma- Throm- Increased 
basement to us recent tion bosis vessel wall 
membrane lakes bleeding thickness 
Polyp (30) 1 8  2 1  1 8  1 6  I I  15  7/26 1 3/26 
60% 70% 60% 53% 37% 50% 27% 50% 
Reinke edema ( 1 6) 1 3  14  5 12  8 l/ 15 9115 
8 1 %  88% 3 1 %  75% 6% 50% 7% 60% 
Vocal fold nodules ( I  I )  I I 4 0 0 5 3/8 
1 00% 36% 9% 45% 9% 38% 
Unilateral broadbased 9 7 0 5 0 4 0 116 
swelling ( I  0) 90% 70% 50% 40% 1 7% 
Bilateral broadbased 9 3 0 3 4 
swelling (9) 1 00% 33% 33% 44% I I %  I I %  
i n  a third of the biopsies of Reinke edema and i n  60% of the polyps. It was almost 
absent in all other lesions, except for Jackson's ulcers. Organization of fibrin and iron 
pigment could be seen in one third of the polyps and in both Jackson' s  ulcers. It was 
non- or almost non-existent in the other groups. Thrombosis was almost exclusively 
found in polyps. 
Mast cells were evenly distributed between all clinical categories, except for the 
category of vocal fold nodules in which they were very rarely found (not included in 
table 6.2). 
Proliferation of capillaries was present in a third of the polyps, but almost absent in 
the other four major groups (not included in table 6.2). This proliferation was clearly 
visible using the lectin Ulex Europaeus and antibodies against factor VIII antigen. 
Some vessels had thicker walls. These were present in half of the polyps (Fig. 6.2) 
and in 60% of biopsies of Reinke edema (Fig. 6 .1  ). Such vessels were less frequently 
present in vocal fold nodules, unilateral and bilateral broadbased swellings. 
In all biopsies studied with transmission electron microscopy vessels with increased 
wall thickness could be found. These vessel walls contained several layers of basement 
membrane-like structures. In polyps these layers were very close together and had the 
same thickness as normal BM (basement membranes) (Fig. 6.3). In Reinke edema these 
structures were thicker than normal BM and pericytes seemed to be included in some 
of them (Fig. 6.4). In vocal fold nodules these structures were more loosely arranged. 
Furthermore, in polyps the endothelial lining was disrupted in several locations without 
disruption of the BM (Fig. 6.3). The endothelial disruptions were smaller in Reinke 




Reinke edema (HE 56x; insert 140x). • :  edematous lake; arrow: thick walled vessel. 
Polyp (HE 56x; insert 140x). Circle: iron pigment; arrows: thick walled vessels. 
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Figure 6.3 Polyp (5368x transmission electron microscopy). • :  layers of basement membrane-like 
structures very close together and the same thickness as normal basement membranes; 
arrows: disrupted endothelial lining. 
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Discussion 
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Ultrastructural examination of biopsies of benign non-neoplastic lesions of the vocal 
folds offers no additional discriminating information to conventional light microscopy 
on which the histological diagnosis can be made. However, light microscopical ex-
68 
Figure 6.4 Reinke edema (7 14211 transmission electron microscopy). • :  layers of basement 
membrane-like structures thicker than normal basement membranes; arrows: pericytes 
seemingly included in between. 
amination of the biopsies alone can offer discriminating information, although no 
single histopathological feature is unique. As such, characteristic combinations of 
specific histological observations may contribute to the differentiation of the clinical 
entities polyp, Reinke edema and vocal fold nodules. The combination of signs of 
recent bleeding, depositions of iron and fibrin, and thrombosis confirms the clinical 
diagnosis vocal fold polyp. The combination of epithelial BM thickening, edematous 
lakes, extravascular erythrocytes and increased thickness of submucosal vessel walls 
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confinns the clinical diagnosis Reinke edema. The combination of epithelial BM thick­
ening, absence of haemorrhage and absence of edematous lakes confinns the clinical 
diagnosis vocal fold nodules. 
It is reasonable to expect a relation between the histological presentations of be­
nign lesions of the vocal folds and possible pathophysiological mechanisms. This 
study confinns that polyps have various histopathological appearances (Steinberg et 
al. 1985, Loire et al. 1 988, Kotby et al. 1 989). This might be due to the fact that 
some polyps are squeezed between the vocal folds in a distinct, uncoordinated and 
chaotic way, and some are not. This might explain the ultrastructural observation of 
focal disruptions of the capillary endothelial lining in some polyps, as has also been 
described by Frenzel et al. ( 1980). It could be possible that phonotrauma (brusque 
movements during phonation) induces relatively major trauma to the vessels leading 
to haemorrhage, fibrin exsudation, thrombosis and proliferation of capillaries. The 
initiating inducing phonotrauma resulting in the fonnation of polyps is often an acute 
event. Speculatively, this initiating trauma may cause capillary damage leading to 
edema, bleeding and leakage of fibrin. Integral repair of the initial damage is then 
probably hampered by recurrent movements of the lesion during phonation, inducing 
recurrent capillary trauma as is demonstrated ultrastructurally (Fig. 6.3). 
Reinke edema is a condition which generally lasts at least several months before 
surgical intervention. The relation between heavy smoking and Reinke edema is sug­
gested by many authors (Matsuo et al. 1 983, Lumpkin et al. 1987). The initiating 
trauma leading to Reinke edema is not known. Although the lesion is very mobile, 
the manner in which movement takes place is far less uncoordinated and brusque 
as compared to polyps: Reinke edema rolls like a sausage over the free edge of a 
vocal fold, only once during each phonation. The clinical observation of less severe 
mechanical trauma during phonation in Reinke edema, maintaining this lesion, might 
explain the ultrastructural observation of less capillary endothelial cell damage than 
in polyps. Despite the very frequent finding of submucosal extravascular erythrocytes, 
little fibrin, and no organization of fibrin, iron pigment or thrombosis is found. The 
most striking feature is the presence of epithelial BM thickening (Dikkers et al. 1 993) 
in combination with edematous lakes and increased vessel wall thickness (Fig. 6.4). 
The lining of these lakes does not stain with the lectin Ulex Europaeus and antibodies 
against factor VIII antigen, therefore does not consist of endothelial cells. Most likely 
it consists of compressed fibroblasts. The combination of smoke and traumatic forces 
is apparently not severe enough to induce large endothelial disruptions. It might be 
that the endothelial cells fonn new BM material, which is microscopically reflected 
by increased vessel wall thickness. 
Unilateral broadbased swelling and bilateral broadbased swellings are descriptive 
diagnoses. Histologically there is no difference between them. Both can be clinically 
distinguished from Reinke edema. Microscopically, this can be accomplished by look­
ing for increased vessel wall thickness, which exists much more frequently in Reinke 
edema. However, an essential microscopical difference between broadbased swellings 
and Reinke edema has not been found in this study. 
Vocal fold nodules are, by definition, bilateral lesions. The lesion is macroscopically 
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immobile, but microstroboscopy reveals that these superficially located lesions move 
as fast as the phonation frequency (in women more than 200 Hz). The trauma respon­
sible for formation of vocal fold nodules might be a tearing force during phonation. 
This is directed medially in the region at which the amplitude of the membranous 
part of the vocal fold is maximal, i.e. at the border of the anterior and middle third 
part of the vocal fold. These tearing forces probably develop as sequelae of Bernoulli 
forces, which increase when complete closure of the glottis cannot be achieved. This 
situation pre-exists more frequently in vocal fold nodules (Schutte 1 980, Morrison et 
al. 1983, 1 986). It is likely that these high frequency tearing forces are very small. 
This might result in subepithelial BM thickening and, less frequently, in submucosal 
vessel wall pathology, because the cover of the vocal folds moves independently of 
the body (Hirano 1 974). 
Edema is the common denominator in benign non-neoplastic lesions of the vocal 
folds. The initiating trauma leading to edema can be supposed to be (physically or 
chemically induced) capillary endothelial damage, i.e. acute phonotrauma for polyps, 
cigarette smoke for Reinke edema and Bernoulli forces for vocal fold nodules. Ultra­
structurally, support for this "damage" hypothesis is found in the three most common 
clinical entities in which the extent of endothelial damage depends on the lesion. It 
seems that in the mechanically most compromized lesions (polyps) this endothelial 
damage may additionally lead to platelet adherence and thrombosis. Furthermore, the 
ultrastructurally observed capillary endothelial BM thickening might be induced by the 
continuing forces upon the vessel wall which maintain these lesions. Alternatively, 
increased synthesis of BM components might be a result of endothelial cell activation 
comparable with endothelial BM thickening in diabetes mellitus (Kreisberg 1 992, Roth 
et al. 1 993). Theoretically, this can be demonstrated using markers for endothelial cell 
activation, e.g. expression of receptors for adhesion molecules. Such antigens can be 
studied in snap frozen material, and will be subject for further study. 
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Chapter 7 
Ultrastructural changes of the basement membrane zone in benign lesions of the 
vocal folds 
Dikkers FG, Hulstaert CE, Oosterbaan JA, Cervera-Paz FJ. Ultrastructural changes of the base­




Basement membranes represent an extracellular scaffold needed for the orderly devel­
opment of a distinct tissue pattern. Among their possible functions structural support, 
cell attachment and selective filtration may be suggested. Some, if not all, of the com­
ponents present in the basement membrane are secreted by the cells that are attached 
to it (Martinez-Hernandez and Amenta 1 983), and presumably these components as­
semble extracellularly (Cooper and MacQueen 1983). 
The basement membrane zone is divided into four major structural areas (Martinez­
Hernandez and Amenta 1 983, Katz 1 984, Abrahamson 1 986): the plasma membrane 
of the basal cell of the epithelium, the lamina Iucida or lamina rara, the lamina densa 
and the sublamina densa. 
Hemidesmosomes are special areas where the basal cell is fastened to the basement 
membrane. Hemidesmosomes consist of an attachment plaque, the plasma membrane 
of the basal cell, and a fibrous network connecting these cellular structures to the 
basement membrane. Anchoring filaments are specialized structures which can usually 
be found in the sublamina densa (Goldsmith and Briggaman 1 983, Sakai et al. 1 986). 
They connect the attachment plaque to the lamina densa, and thus hold the basal 
cell to the basement membrane. The lamina densa is fastened to the superficial layer 
of the lamina propria by anchoring fibrils, probably only by physical entrapment 
(Abrahamson 1 986). 
Increased thickness of the epithelial basement membrane is a very common obser­
vation in benign non-neoplastic lesions of the vocal folds (Dikkers and Nikkels, un­
published study). Abnormalities in basement membrane biosynthesis and metabolism 
are a sign of several disorders, ranging from metabolic to neoplastic and from inher­
ited to immunological disorders (Martinez-Hernandez and Amenta 1 983, Shatz et al. 
1 99 1  ). In order to obtain insight into possible causes of the development of benign 
lesions of the vocal folds, i.e. cysts, polyps, Reinke edema or vocal fold nodules, 
which we have clinically defined previously (Dikkers and Schutte 1 99 1 ), the base­
ment membrane zone of excised tissue of patients suffering from these lesions was 
studied electron microscopically. 
Material and methods 
Sixteen pathological vocal folds, belonging to ten patients, were investigated. Biopsies 
from thirteen of them could be used for ultrastructural examination. The patients 
suffered from various benign lesions of the vocal folds, clinically diagnosed and 
histologically confirmed. The clinical diagnoses were Reinke edema (4 vocal folds), 
broadbased thickening (4), vocal fold nodules (2), polyp ( 1 ), granuloma ( 1 ), and cyst 
( 1 ). 
As controls, biopsies from the vocal folds of three males were taken. Two of these 
were men suffering from a T3 and a T4 supraglottic carcinoma, respectively, clinically 
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Figure 7.1 More or less rectilinear shape of basement membrane (arrows) in controls. Bar equals 
I J.tm. 
diagnosed and histologically confirmed. Their true vocal folds looked healthy; tissue 
had to be taken to confirm the clinical impression that the vocal folds were indeed free 
of disease. Both patients were to undergo total laryngectomy immediately after ten 
times 3 Gy radiotherapy. The third control material was obtained from a boy suffering 
from juvenile papillomatosis, an epithelial disease the bulk of which is made up of a 
thickened prickle-cell layer (Friedmann and Piris 1 986) leaving the basal layer intact. 
Excised tissue was immediately fixed in 2% glutaraldehyde in 0. 1 M phosphate 
buffer, pH 7.4, after which the tissue sample was split into two parts. One part 
was examined light microscopically for histological diagnosis, and the other part was 
prepared for ultrastructural examination. After glutaraldehyde fixation the tissue blocks 
were rinsed in 6.8% saccharose in 0. 1 M phosphate buffer, pH 7 .4, and postfixed in I %  
Os04 i n  0 . 1  M phosphate buffer, pH 7.4. Subsequently the samples were dehydrated 
in an alcohol series and embedded in Epon 8 12. After staining in 1 0% uranyl acetate 
in methanol, ultrathin sections were examined in an Akashi 002A electron microscope. 
Results 
In controls, the shape of the basement membrane was more or less rectilinear (Fig. 
7. 1 ), whereas in pathological tissue the basement membrane had a tortuous appearance 
(Fig. 7.2). 
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Figure 7.2 Tortuous appearance of basement membrane in pathological tissue. Basement membrane 
zone showing a non-uniform thickening, produced by the accumulation of an electron 
dense substance; organization in layer-like structures. Bar equals I IJ.ID. 
The basement membrane zone of pathological specimens showed a non-uniform thick­
ening which is produced by the accumulation of an electron dense substance; some­
times it seemed as if it was organized in layer-like structures (Fig. 7.2). In most of 
the specimens there were large areas in which the basement membrane was thickened 
(Fig. 7 .3), but also in some of the areas, the basement membrane had a normal ap­
pearance. The thicker the basement membrane zone was, the more destruction of the 
architecture was found. 
In almost all of the pathological specimens, vesicles containing an electron dense 
material could be observed in a large quantity (Fig. 7.3); these vesicles were seldom 
found in controls. Fusion of these vesicles with the plasma membrane of basal cells 
and exocytosis of the electron dense material were frequently observed (Fig. 7.3, 7.4). 
The hemidesmosomes in pathological specimens seemed to have lost their normal 
architecture in many areas, and they showed capricious shapes. Normal hemidesmo­
somes were found in a smaller quantity than in control tissue. 
In addition to the findings mentioned above, an obvious decrease of condensed 
chromatin in the basal cells of the pathological specimens was found. The nucleoli 
were enlarged and had also increased in number (Fig. 7.5). 






Large areas with thickened basement membrane in palhological tissue. Large quanlily of 
vesicles containing an electron dense material. Fusion of these vesicles with the plasma 
membrane of basal cells and exocytosis of the electron dense material (arrows). Bar 
equals 1 J.tm. 
Fusion of vesicles with the plasma membrane of basal cells and exocytosis of an electron 
dense material (arrows). Bar equals 0.1 J.tm. 
Figure 7.5 
Discussion 
Decrease of condensed chromatin in nuclei of the basal cells of pathological specimens. 
Increase in number of mitochondria. Bar equals I J.Lm. 
Ultrastructural characteristics of tissue from a patient suffering from Reinke edema 
have previously been described, but no mention was made of the changes in the 
basement membrane zone (Koutsibelas 1 978). In another study, polyps and vocal 
nodules were examined electron microscopically by Kotby and co-workers (Mossalam 
et al. 1 986, Kotby 1 987). Here the basement membrane was lacking in many parts 
in the vocal nodules; in other parts thickening of basement membrane occurred. In 
the epithelial cells, various degenerative signs were observed such as cytoplasmic 
vacuoles, attenuated cell junctions and distorted desmosomal junctions. In polyps, 
these changes were apparent only in a few confined areas. 
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The thickening of the basement membrane zone has also been described by other 
authors (Gray 199 1 ); apparently reduplications of the lamina densa are responsible 
for this thickening, as well as a disorganization of the attachment plaque and disruption 
of anchoring filaments, which have been related to vibratory damage of the vocal folds 
(Gray 1991) .  The observation that anchoring filaments are very seldom found (Gray 
199 1 )  could be confirmed in our study. When visible, they were located in the areas 
which appeared more normal. 
Frequent occurrence of pinocytotic vesicles along the plasma membrane of epider­
mial basal cells has been described previously (Katz 1984). However, no vesicles have 
been observed in laryngeal epithelium, and none of the studies cited above mentioned 
vesicles occurring in cells of studied laryngeal benign lesions. 
Although the role of the vesicles we found near the plasma membrane is not yet 
clear, we offer the hypothesis that they are part of a pathophysiological mechanism 
in response to vibratory stress. It might be an aberrant way of healing, or simply the 
only way in which basal cells can respond to the detachment from the superficial layer 
of the lamina propria caused by phonatory injury. According to this hypothesis the 
exocytosis of electron dense material contained in the vesicles would be responsible 
for the thickening of the basement membrane zone. 
Hyperactivity and a higher turnover of the basal cell layer of the vocal fold epithe­
lium are suggested by the following observed phenomena: a decrease of the amount 
of condensed chromatin, an increase of nucleoli, an increase of vesicles and an in­
crease of mitochondria. These findings, together with the basement membrane zone 
alterations, might be the stereotypical reaction to vibratory trauma in all the benign 
lesions studied. 
Further investigations in this field should eventually confirm our pathophysiological 
hypothesis of the changes that phonatory stress induced in the vocal fold epithelium. 
Future investigations should help to determine whether the electron dense material 
carried by the vesicles is responsible for the thickening of the basement membrane 
zone, and whether this inappropriate response can be stopped in early lesions. 
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Chapter 8 
Summary and conclusions 
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Benign non-neoplastic lesions of the vocal folds can cause major inconvenience, and 
are therefore treated depending on their clinical diagnosis. 
In chapter 2 the macroscopical and microscopical aspects of the normal larynx are 
described in detail and the functional morphology is summarized in relation to various 
examination techniques. 
When considering macroscopy, it is stressed that at the medial side of a true vocal 
fold no extruding growths or irregularities are present. Convolutions of blood vessels 
are only seen on irritated or otherwise pathological vocal folds. Physiologically these 
blood vessels tend to run longitudinally. They arise from the anterior and posterior 
ends of the vocal fold, and have no connection with the underlying muscular layer. 
Lymphatic capillaries also tend to have a longitudinal direction. 
For evaluation of voice disorders, as well indirect laryngoscopy as flexible di­
rect laryngoscopy are inadequate as a routine outpatient procedure. The technique 
of indirect microlaryngostroboscopy allows a laryngologist to microscopically ob­
serve the movements of the mucous membrane at the margins of the vocal folds 
during the course of indirect endolaryngeal operations. Rigid rod examination using 
the von Stuckrad telescope is the optimal technique for outpatient laryngoscopy. It 
can be performed successfully in two-thirds of the subjects with unsuccessful mirror 
examination. Flexible direct laryngoscopy can be performed with a minimum of in­
convenience and morbidity. However, when connected to a stroboscope the resolving 
capability is definitely inferior to stroboscopy using a conventional stroboscope or a 
rigid telescope connected to a stroboscope. 
Chapter 3 presents historic and recent literature concerning the most frequently 
diagnosed benign lesions of the vocal folds: polyps, Reinke edema, vocal fold nodules 
and cysts respectively. Very few authors describe both morphological (macroscopical 
and microscopical) and functional features of benign lesions of the vocal folds. A 
reliable comparison of sometimes very detailed studies is therefore not feasible. Each 
study concerning this subject should, in our opinion, describe these criteria. The 
following working definitions according to morphological and functional aspects of 
the lesion are proposed after an extensive review of the literature: 
Polyp: 
A polyp of the true vocal fold is a unilateral lesion on the anterior third of the 
vocal fold, often on the free edge, sessile or pedunculated, and very mobile when 
pedunculated. A pedunculated polyp on the free edge sometimes can be heard 
popping through the glottis during initiation of a phonation. 
- Reinke edema: 
Reinke edema is a condition with a unilateral or bilateral bleachwhite swelling of 
the vocal fold. The swelling is filled with fluid, sessile and very mobile during 
phonation. 
Vocal fold nodules: 
Vocal fold nodules are small lesions occurring on both sides of the larynx, strictly 
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symmetrical on the border of the anterior and middle third of the true vocal folds. 
The lesions are optically immobile during phonation. They can be divided into 
the early spindle type and the more chronic, white cone-like form. 
- Vocal fold cyst: 
A cyst of the true vocal fold is a unilateral lesion with a smooth surface, immobile 
during phonation, usually on the middle third of the vocal fold. Many times there 
is a yellowish fluid-like appearance. 
If, however, the nature of the swelling is such that it cannot be classified according to 
these definitions, the lesion should be described in terms of the location on the vocal 
fold (divided into three parts), plus whether it is uni- or bilateral, plus the color, and 
its mobility during phonation. In addition the size of its attachment to the fold, and 
whether closure of the glottis is achieved during phonation, should be included in the 
description. 
In chapter 4 data on interobserver and intraobserver reliability in the assessment of 
clinical diagnosis of benign lesions of the vocal folds are presented. A confusion of 
tongues is apparent in the macroscopic description of benign vocal fold pathology. 
Uniformity is important, as the treatment modalities for benign lesions of the vocal 
folds do seriously differ. 
Interobserver reliability was tested by showing slides of larynges with one or 
more swellings to groups of ENT-specialists and residents in two University Hos­
pitals (Groningen, the Netherlands and Berlin-Charite, Germany), who had been pro­
vided with a multiple-choice questionnaire. Although "interclinic differences" were 
measured, these differences were not statistically significant. The interobserver reli­
ability might increase by encouraging the use of a descriptive diagnosis, at least in 
the residency setting. Only for lesions where the macroscopic findings tightly fit the 
definitions of polyps, Reinke edema, vocal fold nodules and cysts respectively, as 
presented in chapter 3, a clinical diagnosis should be used. In the remaining cases 
a description of the lesion is preferable. Documentation of the pathology by means 
of photography and/or video during phonation and respiration, and recurrent discus­
sions on these slides or videos between residents and specialists, are of paramount 
importance in the light of attempting to increase uniformity in the clinical diagnosis. 
Intraobserver reliability was tested by presenting the same slides a second time, 
some years later, to the most experienced specialists of the first group. The calculated 
mean kappa for intraobserver agreement (which is 1 in the case of perfect intraobserver 
agreement) was 0.59. Considering the expertise of the observers this striked us as 
rather low. The intraobserver reliability is also likely to increase from taking the 
aforementioned measures. 
In chapter 5 two different principles of surgical treatment of vocal fold lesions are 
described: suspension microlaryngoscopic surgery and indirect microlaryngo­
stroboscopic surgery. The standard method of treatment in benign lesions of the vocal 
folds has been direct (suspension) microlaryngoscopic surgery. We have confirmed 
our short term findings that indirect microlaryngostroboscopic surgery is a valuable 
alternative for a selected group of patients. Using indirect microlaryngostroboscopic 
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surgery, there is functional control during surgery, plus an improved estimation of the 
extent of the lesion on the vocal fold and its influence on phonation. During surgery 
the larynx is in a physiologically normal position, in contrast to its position during 
suspension micro laryngoscopy. 
Chapter 6 discusses histopathological appearances of clinically well-defined be­
nign lesions of the vocal folds in relation with phonotrauma. Light microscopical 
examination of the biopsies can offer discriminating information, although no single 
histopathological feature is unique. As such, characteristic combinations of specific 
histological observations may contribute to the differentiation of the clinical entities 
polyp, Reinke edema and vocal fold nodules. The combination of signs of recent bleed­
ing, depositions of iron and fibrin, and thrombosis confirms the clinical diagnosis vocal 
fold polyp. The combination of epithelial basement membrane thickening, edematous 
lakes, extravascular erythrocytes and increased thickness of submucosal vessel walls 
confirms the clinical diagnosis Reinke edema. The combination of epithelial basement 
membrane thickening, absence of haemorrhage and absence of edematous lakes con­
firms the clinical diagnosis vocal fold nodules. Ultrastructural examination of biopsies 
offers no additional discriminating information to conventional light microscopy on 
which the histological diagnosis can be made. 
A potential pathogenetic model of the three most common benign lesions of the 
vocal folds (polyps, Reinke edema and vocal fold nodules) is presented using the com­
bination of histopathological findings and their possible relation with various forms of 
trauma inducing and maintaining these lesions. The movements of the lesion during 
phonation seem to have a unique and reproducible effect on submucosal capillaries. 
The initiating trauma leading to edema, which is the common denominator in be­
nign non-neoplastic lesions of the vocal folds, can be supposed to be (physically or 
chemically induced) capillary endothelial damage, i.e. acute phonotrauma for polyps, 
cigarette smoke for Reinke edema and Bernoulli forces for vocal fold nodules. 
Chapter 7 concerns an electron microscopical study of the basement membrane 
zone of the epithelium in benign lesions of the vocal folds. Basement membrane 
thickening was focally present in almost all kinds of benign lesions of the vocal folds. 
Our findings on the basement membrane zone suggest aspecific changes, such as an 
increase of basement membrane metabolism and turnover, together with a decrease 




Samenvatting en conclusies 
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Afwijkingen aan de stemplooien kunnen, door hun effect op de stem, voor groot 
ongemak zorgen. De behandeling is afhankelijk is van de klinische diagnose. In dit 
proefschrift wordt, na overzichten van het normale (hoofdstuk 2) en het afwijkende 
strottehoofd (hoofdstuk 3), ingegaan op het stellen van de diagnose (hoofdstuk 4), 
het effect van een in Nederland nieuwe behandelingsmethode (hoofdstuk 5), en op 
Iicht- en elektronenmicroscopische afwijkingen bij de respectieve stemplooiafwijkin­
gen (hoofdstuk 6 en 7). 
In hoofdstuk 2 worden de met het blote oog zichtbare (macroscopische) en de 
microscopische aspecten van de normale larynx - het strottehoofd - in detail be­
sproken. De functionele morfologie tijdens verschillende onderzoeksomstandigheden 
wordt samengevat en toegelicht. 
Met betrekking tot de macroscopie wordt benadrukt dat zich aan de mediale zijde 
van een normale ware stemplooi geen uitgroeisels of onregelmatigheden bevinden. 
Kleine kluwens van bloedvaatjes worden alleen gezien aan ge'irriteerde of anderszins 
afwijkende stemplooien. In de normale fysiologische omstandigheden !open de bloed­
vaatjes van voren naar achteren over de ware stemplooi, en hebben ze geen verbinding 
met de onderliggende spierlaag. Lymfevaatjes !open meestal in dezelfde richting als 
bloedvaatjes. 
Twee poliklinisch zeer vaak gebruikte onderzoeksmethoden, indirecte laryngosco­
pie en directe flexibele laryngoscopie, zijn voor evaluatie van stemafwijkingen niet 
toereikend als onderzoeksmethode. Koppeling van een stroboscoop aan een micro­
scoop, zodat indirect microlaryngostroboscopisch wordt gekeken, geeft de KNO-arts 
gelegenheid de bewegingen van het slijmvlies aan de vrije rand van de ware stemplooi 
in vivo, en zelfs tijdens een operatie, te bestuderen. 
De optimale techniek voor poliklinische laryngoscopie is indirecte laryngoscopie 
met behulp van het von Stuckrad-optiek, aangevuld met (video-)stroboscopisch on­
derzoek. Deze techniek lukt bij tweederde van alle patienten waar conventionele in­
directe laryngoscopie niet kan worden toegepast. Flexibele directe laryngoscopie kan 
met nog minder ongemak voor de patient worden verricht. Indien gekoppeld aan een 
stroboscoop is het oplossend vermogen echter duidelijk inferieur vergeleken met een 
conventionele stroboscoop of met een stroboscoop gekoppeld aan een (von Stuckrad-) 
optiek. 
Hoofdstuk 3 belicht historische en recente vakliteratuur over de meest vaak ge­
diagnosticeerde goedaardige stemplooiafwij kingen, respectievelijk poliepen, Reinke's 
oedeem, stemplooiknobbeltjes, en stemplooicystes. Weinig auteurs beschrijven zo­
wel morfologische (macroscopische en microscopische) als functionele aspecten van 
goedaardige stemplooiafwijkingen. Een betrouwbare vergelijking van de soms bui­
tengewoon gedetailleerde onderzoekingen is daarom niet goed mogelijk. Een goed 
artikel over goedaardige stemplooiafwijkingen zou daarom zulke aspecten altijd geza­
menlijk moeten bevatten. Na uitgebreid literatuuronderzoek betreffende morfologische 
en functionele aspecten van stemplooiafwijkingen worden de volgende werkdefinities 
voorgesteld: 
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- Poliep: 
Een poliep van de ware stemplooi is een enkelzijdige laesie aan het voorste derde 
deel van een ware stemplooi, vaak aan de vrije rand, met een brede basis of 
gesteeld, en zeer mobiel indien gesteeld. Een gesteelde poliep aan de vrije rand is 
soms zelfs hoorbaar tijdens het begin van een fonatie (het begin van stemgeving). 
- Reinke's  oedeem: 
Reinke' s  oedeem is een afwijking met een enkelzijdige of dubbelzijdige bleekwitte 
zwelling van de ware stemplooi. De zwelling is met vloeistof gevuld, met een 
brede basis en is zeer mobiel tijdens fonatie. 
- Stemplooiknobbels: 
Stemplooiknobbels zijn kleine afwijkingen die zich beiderzijds strikt symmetrisch 
op de grens van het voorste en middelste derde deel van de ware stemplooien be­
vinden. Tijdens fonatie staan de knobbels optisch stil. Stemplooiknobbels kunnen 
worden onderverdeeld in de acute spoelvormige vorm, en de chronische, witte, 
puntige vorm. 
Stemplooicyste: 
Een stemplooicyste is een enkelzijdige afwijking van de ware stemplooi met een 
glad oppervlak. Tijdens fonatie staat de laesie optisch stil. De afwijking is meestal 
op het middelste derde deel van de ware stemplooi gelokaliseerd. Vaak is er de 
suggestie van geel doorschemerend vocht. 
Als de aard van de zwelling zodanig is dat deze niet kan worden ingedeeld volgens 
deze werkdefinities, dan dient de afwijking te worden beschreven met nadruk op de 
lokalisatie op de ware stemplooi (in drie derde delen gemeten), enkel- of dubbelzij­
digheid, kleur, beweeglijkheid tijdens fonatie, de breedte van de steel naar de ware 
stemplooi, en sluiting van de stemspleet tijdens fonatie. 
In hoofdstuk 4 worden zowel interobserver als intraobserver overeenstemming in 
het stellen van de klinische diagnose van de ware stemplooien gepresenteerd. Kenne­
lijk is sprake van spraakverwarring met betrekking tot de macroscopische omschrij­
vingen van goedaardige stemplooiafwijkingen. Eenduidigheid is belangrijk, omdat de 
behandelingen van de respectieve afwijkingen in belangrijke mate van elkaar verschil­
len. 
Interobserver overeenstemming werd getest door dia's met een of meer stemplooi­
afwijkingen in twee universiteitsziekenhuizen (Academisch Ziekenhuis Groningen en 
Berlijn-Charite, Duitsland) te vertonen. KNO-artsen en arts-assistenten KNO-heelkun­
de dienden de juiste diagnose aan te geven op een multiple choice vragenformulier. 
Er werd een statistisch niet-significant "interkliniek verschil" gemeten. lnterobserver 
overeenstemming zou kunnen toenemen door het gebruik van een beschrijvende dia­
gnose aan te moedigen. Een klinische diagnose zou alleen gesteld moeten worden bij 
laesies die precies voldoen aan de werkdefinities van poliep, Reinke's  oedeem, stem­
plooiknobbels en stemplooicystes, zoals die in hoofdstuk 3 werden gepresenteerd. In 
de overige gevallen verdient het de voorkeur een beschrijvende diagnose te stellen. 
Documentatie van de pathologie door middel van fotografie en/of video tijdens fonatie 
en ademhaling, en regelmatige discussies over zulke dia's en video's tussen specia-
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listen en arts-assistenten, zijn van groot belang. Aileen zo kan worden gestreefd naar 
het vaker verkrijgen van eenduidigheid in de klinische diagnose. 
Intraobserver overeenstemming werd getest door dezelfde dia' s jaren later een twee­
de keer aan de meest ervaren specialisten van de eerste groep te vertonen. De bere­
kende gemiddelde kappa voor intraobserver overeenstemming (die I is in het geval 
van perfecte intraobserver overeenstemming) was 0,59. In het Iicht van de expertise 
van de specialisten kwam dit ons als laag over. De verwachting is dat de intraobserver 
overeenstemming van de zojuist beschreven maatregelen eveneens zal toenemen. 
In hoofdstuk 5 worden twee principieel verschillende technieken van chirurgie voor 
goedaardige stemplooiafwijkingen beschreven: suspensie microlarynxchirurgie en in­
directe microlaryngostroboscopische chirurgie. De gebruikelijke wijze van operatie 
van goedaardige stemplooiafwijkingen is in Nederland jarenlang directe (suspensie) 
microlarynxchirurgie geweest. Dit gebeurt bij een patient liggend onder narcose. Wij 
hebben onze korte termijn bevindingen bevestigd in een lange termijn onderzoek: 
indirecte microlaryngostroboscopische chirurgie is een waardevol altematief voor een 
geselecteerde patientengroep. Deze ingreep gebeurt bij een zittende patient onder 
plaatselijke verdoving. Bij indirecte microlaryngostroboscopische chirurgie is er daar­
om functionele controle tijdens de operatie, en is er een betere beoordeling mogelijk 
van de belnvloeding van de stemgeving door de afwijking. Bovendien is de larynx dan 
in een fysiologisch normale positie, in tegenstelling tot zijn positie tijdens suspensie 
microlaryngoscopie. 
Hoofdstuk 6 beschouwt Iicht- en elektronenmicroscopische bevindingen bij kli­
nisch goed gedefinieerde goedaardige stemplooiafwijkingen. Lichtmicroscopisch on­
derzoek van de afwijkingen kan onderscheidende informatie bieden, alhoewel geen 
enkele op zichzelf staande histopathologische bevinding uniek is. Combinaties van 
specifieke histologische bevindingen kunnen bijdragen tot de klinische diagnoses po­
liep, Reinke's  oedeem en stemplooiknobbels. De combinatie van tekenen van recente 
bloeding, deposities van ijzer en fibrine, en thrombose draagt bij tot de klinische 
diagnose poliep. De combinatie van verbreding van de epitheliale basaalmembraan, 
oedeemmeren, extravasculaire erythrocyten en toegenomen dikte van de submucosale 
vaatwanden draagt bij tot de klinische diagnose Reinke' s  oedeem. Tenslotte draagt 
de combinatie van verbreding van de epitheliale basaalmembraan, afwezigheid van 
tekenen van recente bloeding en afwezigheid van oedeemmeren bij tot de klinische 
diagnose stemplooiknobbels. 
Een potentieel pathogenetisch model van de drie meest voorkomende goedaardi­
ge stemplooiafwijkingen (poliepen, Reinke' s  oedeem en stemplooiknobbels) wordt 
gepresenteerd door een relatie te leggen tussen de karakteristieke verschillen van in­
ducerende en onderhoudende vormen van trauma van de respectieve laesies enerzijds, 
en hun histologische afwijkingen anderzijds. De bewegingen van de laesie tijdens 
fonatie lijken een uniek en reproduceerbaar effect op de onder het slijmvlies gelegen 
bloedvaatjes (submucosale capillairen) te hebben. Fysisch of chemisch gelnduceerde 
schade aan capillair endotheel lijkt het initierende trauma te zijn dat leidt tot oedeem, 
de gemeenschappelijke meest in het oog vallende histologische afwijking. Die schade 
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wordt waarschijnlijk veroorzaak:t door acuut fonotrauma voor poliepen, sigaretterook 
voor Reinke's oedeem en Bernoulli krachten voor stemplooiknobbels. 
Hoofdstuk 7 betreft een elektronenmicroscopische studie van de basaalmembraan 
zone van bet slijmvlies van goedaardige stemplooiafwijkingen. Epitheliale basaal­
membraan verdikkingen waren plaatselijk aanwezig in bijna aile soorten goedaar­
dige stemplooiafwijkingen. Onze bevindingen aan deze epitheliale basaalmembraan 
zone suggereren aspecifieke veranderingen, zoals een toename van stofwisselings- en 
vervangingssnelheid, gepaard gaande met een verkorting van de levensduur van de 




Velen hebben bijgedragen aan het tot stand komen van dit proefschrift. Een aantal 
van hen ben ik bijzondere dank verschuldigd, om zeer uiteenlopende redenen. 
Prof. dr. F.W.J. Albers, beste Frans. Jouw inspanningen om dit proefschrift van de 
grond te krijgen zijn onvoorstelbaar groot geweest. Zonder jouw hulp had het nog veel 
Ianger geduurd om het te voltooien, maar jouw enorme enthousiasme weet iedereen 
te stimuleren. Ik ben er trots op in Groningen je eerste promovendus te kunnen zijn. 
Prof. dr. J.D. Elema. Reeds jaren geleden bent u betrokken geweest bij mijn eerste 
onderzoek naar de histopathologie van goedaardige stemplooiafwijkingen. U hebt in 
de uiteindelijke wijze waarin dit boekje verschijnt een belangrijk aandeel gehad. Voor 
uw hulp en uw bemiddeling in de contacten met dr. P.G.J. Nikkels ben ik u uitermate 
dankbaar. 
Prof. dr. H.K. Schutte, waarde Harm. Dankzij jouw startsein, jaren geleden, ligt dit 
boekje nu hier. 
Prof. dr. G. Boering, prof. dr. P. van den Broek, prof. dr. P.H. Dejonckere. Dank 
voor het feit dat u in de promotiecommissie hebt willen plaats nemen. 
Prof. dr. med. Wendler, dr. med. Seidner, Iieber Jiirgen, Iieber Wolfram. In 1 988 
hatte ich in der HNO-abteilung der Berliner Charite die Chance, dank Ihrer Hilfe die 
indirekte mikrolaryngostroboscopische Chirurgie zu erlemen. Dariiber hinaus boten 
Sie mir die Gelegenheit sehr kurzfristig eine Untersuchung durchzufiihren, deren Er­
gebnisse dann im Kapittel 4 dieses Buches verwandt werden konnten. Sie waren 
ausgezeichnete Gastgeber; ich danke Ihnen fiir Alles und denke gem an die schonen 
Tage zuriick. 
Dr. V. Fidler, beste Vacek. Dank voor je hulp aan de moeilijke statistiek van 
hoofdstuk 4. 
Drs. A.M. Suiter, beste Arend. Jij zag kans mijn simpele vraagje van een regel te 
beantwoorden met een uitdraai van zo'n  40 bladzijden. Je kracht zat in het daama 
begrijpelijk maken van die uitdraai. Dank daarvoor. 
Dr. P.G.J. Nikkels, beste Peter. Chaos op het bureau van de onderzoeker suggereert 
een creatieve geest, daar ben ik het helemaal mee eens. Jij geeft daar echter een 
geheel eigen invulling aan, die ik zeer heb leren waarderen. De vele uren die wij 
daar, vaak op onmogelijke tijden, samen doorbrachten, maakten die chaos vaak aileen 
maar groter. Veel dank voor je inzet. 
Dr. C.E. Hulstaert, beste Cesar. Jij bent de personificatie van mijn eerste kennis­
making met de electronenmicroscopie. Dank voor de gastvrijheid die je mij destijds 
verleende. 
Dr. Cervera-Paz, querido Javier. La elaboraci6n del trabajo experimental para el 
capitulo 7 de esta tesis ha sido posible gracias tambien a tu inestimable ayuda. Te 
agradezco, ademas, el hecho de que hayas querido continuar este trabajo, de manera 
que has obtenido, bajo Ia direccfon del Profesor Doctor Juan Bartual y Ia mfa, el grado 
de Licenciado en Medicina y Cirugfa por Ia Facultad de Medicina de Cadiz. Deseo 
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y espero que en Pamplona recibinis la forrnaci6n adecuada para ser un estupendo 
otorrino. 
De heren M. Goslinga, J.A. Oosterbaan, D. Huizinga en J. Donga. Meindert, John, 
Dick en Jan, jullie hebben gezorgd voor een belangrijk deel van de illustraties in dit 
boekje. Dank voor de mogelijkheid die jullie gaven van jullie specifieke expertise 
gebruik te kunnen maken. 
D. Miller en drs. B. Wijnberg-Williams, Don en Barbara. Jullie hebben heiden 
vele uren gestoken in het "ver-Amerikaniseren" van mijn potjes-Engels. Veel dank 
daarvoor. 
J.M. Wilkens-Gietema, Joke. Jij was er niet aileen als ik weer een WP-spoedgeval 
had. Ook op veel andere momenten bleek je weer zeer noodzakelijke, maar zeer 
weinig bekende handelingen voor mij te hebben uitgevoerd. Dank je, ik wou dat je 
mijn secretaresse was. 
Drs. A.M.J. van Huijstee, drs. F.J.M. Disch, beste Marius en Frans. Het voordeel 
van mijn tijdschema is geweest dat jullie geruime tijd gelegenheid hebben gehad 
paranimf te kunnen zijn. Vanuit jullie beider invalshoeken hebben jullie kans gezien 
me steeds weer te prikkelen op een wijze die we beter voor ons kunnen houden. Dank. 
Lieve Liselotte en Friso, ik ben eindelijk klaar met het boekje. Ik hoef nu niet ook 
nog een boek over de neus en het oor te schrijven, maar je weet nooit wat dokter 
Frans later nog wil. Dank je wei voor de afleiding die jullie gelukk.ig steeds weer 
gaven. 
Lieve Julia, dank je voor je lange geduld en je steun in de nu afgelopen periode. 
Dank voor alles. 
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